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SOLID ELECTROLYTIC CAPACITOR AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Division of application Ser. No.
13/455,671, filed Apr. 25, 2012, which is based upon and
claims the benefit of priority from Japanese Patent Applica-
tions No. 2011-97861, 2011-108412 and 2011-189839, filed
on Apr. 26, 2011, May 13, 2011 and Aug. 31, 2011, respec-
tively, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure relates to a solid electrolytic capaci-
tor and a method for manufacturing the same.

BACKGROUND

Solid electrolytic capacitors made of a valve-acting metal
such as tantalum, niobium or the like have been used for
electronic devices requiring high capacity and compactness.

FIG. 42 is a sectional view showing an example of a con-
ventional solid electrolytic capacitor. Referring to FIG. 42, a
solid electrolytic capacitor 90 is of a surface mounting type
and includes a resin package 91, a solid electrolytic capacitor
chip 92, an anode lead 93 and a cathode lead 94. The resin
package 91 is made of a thermosetting resin such as epoxy
resin or the like and covers the entire surface of the solid
electrolytic capacitor chip 92. The resin package 91 also
covers the anode lead 93 in a manner to expose an anode lead
portion 931 of the anode lead 93 and the cathode lead 94 in a
manner to expose a cathode lead portion 941 of the cathode
lead 94. Such a solid electrolytic capacitor 90 is manufactured
in substantially the same way as the electronic components of
a resin package type semiconductor and so on. That is, after
the solid electrolytic capacitor chip 92 is fixed between lead
frames for manufacture, a mold surrounding the solid elec-
trolytic capacitor chip 92 with resin is formed. Thereafter, the
lead frames are machined into a predetermined shape while
removing unnecessary portions of the lead frames.

The solid electrolytic capacitor chip 92 is, for example, a
dry tantalum capacitor chip. The solid electrolytic capacitor
chip 92 includes an anode wire 921, a cathode metal film 922
and a porous sintered body 923. The anode wire 921 has an
elongated shape with a predetermined diameter and is made
of tantalum, as shown in FIG. 42. A proximal end 921a (the
right end in FIG. 42) of the anode wire 921 is buried in the
porous sintered body 923. A distal end 9215 (the left end in
FIG. 42) of the anode wire 921 is connected to the anode lead
93, as shown in FIG. 42. The cathode metal film 922 covers
the porous sintered body 923 in a manner to expose only the
left end of the porous sintered body 923 in FIG. 42. The
cathode metal film 922 is connected to the cathode lead 94 via
a silver paste 95. The porous sintered body 923 is made by
sintering tantalum powder pressed into a predetermined
shape under a vacuum atmosphere and forming an oxide film
on the resulting sintered body. Pores of the porous sintered
body 923 are filled with semiconductors such as manganese
dioxide and the like.

Connection between the distal end 9215 of the anode wire
921 and the anode lead 93 is made by welding using, for
example, a laser. Specifically, the distal end 9215 of the anode
wire 921 and the anode lead 93 are brought into contact with
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each other, and then a laser is irradiated on a contact portion
therebetween. The laser-heated contact portion between the
distal end 9215 of the anode wire 921 and the anode lead 93
is melted and then cooled to be welded together.

The solid electrolytic capacitor 90 is assembled in, for
example, an electronic device. The solid electrolytic capaci-
tor 90 requires a low equivalent series resistance (ESR) in
order to lower power consumption of the electronic device. A
method of lowering the ESR of'the solid electrolytic capacitor
90 may be increasing the diameter of the anode wire 921 to
thereby increase the contact area between the anode wire 921
and the porous sintered body 923.

However, increasing the diameter of the anode wire 921
may cause a problem in that the amount of heat required to
weld the anode wire 921 with a laser increases with an
increase of the diameter of the anode wire 921. Accordingly,
heat transferred to the anode wire 921 during the welding
increases as much as the diameter increases, which results in
an increase in the amount of heat transferred to the porous
sintered body 923 via the anode wire 921. The increase in the
amount of heat transferred to the porous sintered body 923
may lead to damage of the oxide film formed on the porous
sintered body 923. The damage to the oxide film may cause a
current leakage between the anode wire 921 and the cathode
metal film 922 when using the solid electrolytic capacitor 90.

FIG. 43 is a perspective view showing an example of
another conventional solid electrolytic capacitor. Referring to
FIG. 43, a solid electrolytic capacitor 90 includes a cubic
resin package 91, a solid electrolytic capacitor chip 92, an
anode wire 921, an anode lead 93, a lead side connector 95
and a cathode lead 94. The resin package 91 is made of a
thermosetting resin such as epoxy resin or the like and covers
the entire surface of the solid electrolytic capacitor chip 92,
the anode wire 921 and the lead side connector 95 and a
partial surface of the anode lead 93 and the cathode lead 94.
Portions of the anode lead 93 and the cathode lead 94 are
exposed from the resin package 91 and these exposed por-
tions act as terminals of the solid electrolytic capacitor 90.
The solid electrolytic capacitor 90 is mounded on, for
example, a printed circuit board. The above-mentioned ter-
minals are used to mount the solid electrolytic capacitor 90 on
the printed circuit board.

As shown in FIG. 43, the solid electrolytic capacitor chip
92 has a cubic shape and the anode wire 921 extends and
projects from one surface of the chip 92 in the longitudinal
direction. The lead side connector 95 is disposed at one side
of the solid electrolytic capacitor chip 92 in the longitudinal
direction and welded to the anode wire 921. With this
arrangement, the resin package 91 is formed to be longer than
the solid electrolytic capacitor chip 92 in the longitudinal
direction by as much as the lengths of the anode wire 921 and
lead side connector 95.

Recently, there has been an increasing need for high capac-
ity for the solid electrolytic capacitor 90. In general, the solid
electrolytic capacitor 90 is required to have a large volume in
order to obtain a high capacity. In this case, the resin package
91 covering the solid electrolytic capacitor 90 is also required
to have a large volume, which results in an increase in size of
the solid electrolytic capacitor 90.

On the other hand, the printed circuit board on which the
solid electrolytic capacitor 90 is mounted becomes more
compact with the miniaturization of electronic components.
Accordingly, there is an inevitable need for the miniaturiza-
tion of the solid electrolytic capacitor 90. However, as
described above, in order to achieve the high capacity of the
solid electrolytic capacitor 90, it is difficult to avoid increas-
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ing the size of the solid electrolytic capacitor 90 and achiev-
ing miniaturization of the solid electrolytic capacitor 90.

In the related art, there has been proposed a solid electro-
lytic capacitor using manganese dioxide as a solid electrolytic
layer. An electrode substrate of the proposed solid electrolytic
capacitor includes a base material made of nickel or a nickel
alloy, for example, a 42 alloy (including nickel of 42% and
iron of 58%) or a Cu—Ni—Zn alloy (also called a German
alloy), a copper underlying layer plated on the base material,
and a tin or solder layer plated on the copper underlying layer.

Using the above-mentioned material as a plating material is
a result of considering connection stability of a conductive
bonding member for connecting a solid electrolytic capacitor
chip and an electrode substrate and solder adhesiveness (i.e.,
solder wettability) during the process of mounting chip com-
ponents.

In addition, in a solid electrolytic capacitor of a type using
a conductive polymer as a solid electrolytic layer, a frame
base material made of a copper-based metal, silver plating,
gold plating or palladium plating may be used to prevent the
electrical characteristics of a solid electrolytic capacitor chip
from being damaged.

Specifically, the chip-shaped solid electrolytic capacitor of
the conductive polymer type places an emphasis on high
conductivity, as described above, and, in many cases, uses a
3-layered plating structure including nickel/palladium/gold.

There has also been proposed a solid electrolytic capacitor
of'a conductive polymer type which prevents deterioration of
ESR (Equivalent Series Resistance) characteristics while
avoiding the use of expensive metal such as gold or palladium
in order to reduce production costs.

However, the above-mentioned conventional capacitor has
a problem in that a solid electrolytic capacitor chip may be
damaged by heat transterred thereto from an electrode sub-
strate during a solder mounting process or a reflow process,
for example. To overcome this problem, the use of a metal
having low thermal conductivity may be considered. How-
ever, selectable metals are limited when considering compat-
ibility with materials contacting the metal or the conductivity
of the metal.

FIG. 44 is a sectional view showing an example of another
conventional solid electrolytic capacitor. As shown in FIG.
44, the solid electrolytic capacitor has a structure in which a
solid electrolytic capacitor chip 92, a lead side connector 95
and an electrode substrate 96 are assembled together. The
solid electrolytic capacitor chip 92 has a structure in which a
porous sintered body 923, a dielectric layer 13, a solid elec-
trolytic layer 14 and a cathode lead-out layer 15 are sequen-
tially formed, and includes an anode wire 921. The cathode
lead-out layer 15 is bonded to the electrode substrate 96 via a
bonding member 17.

The electrically functioning part of the solid electrolytic
capacitor in FIG. 44 is mainly divided into the solid electro-
Iytic capacitor chip 92 and the electrode substrate 96. The
base material of the electrode substrate 96 is required to have
properties such as, for example, mechanical strength, heat
resistance (thermal peeling resistance), thermal conductivity
and soldering wettability.

Meanwhile, there has also been proposed a technique for
alleviating stress distortion due to thermal stress in a resin
sealing type semiconductor device by forming a die pad load-
ing semiconductor chips into a multi-layered structure, in
which the thermal expansion coefficient of a first layer is
larger than that of a second layer disposed above the first
layer.

SUMMARY

The present disclosure provides some embodiments of a
solid electrolytic capacitor and a method for manufacturing
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the same, the solid electrolytic capacitor being capable of
decreasing ESR while suppressing a leakage current.

The solid electrolytic capacitor also has a configuration
capable of simultaneously achieving high capacity and com-
pactness and has a structure in which metal materials such as
metal or an alloy are stacked, cutouts and unevenness are
formed, and contact points between the elements and resin
materials are optimally designed, thereby improving heat
resistance and reliability.

According to one aspect of the present disclosure, there is
provided a solid electrolytic capacitor including: a porous
sintered body; an anode wire extending in a first direction and
connected to the porous sintered body such that one end ofthe
anode wire in the first direction is exposed; a resin package
covering the porous sintered body and the anode wire; and a
lead including a terminal exposed from the resin package and
a lead side connector connected to the terminal, wherein the
anode wire includes a base and a connector placed at one side
of the base in the first direction, a sectional area of the con-
nector is smaller than that of the base, and the connector and
the lead side connector are welded together.

In some embodiments, the base has a circular section and
extends in the first direction, the lead side connector is placed
at one side of the connector in a second direction perpendicu-
lar to the first direction, and a thickness of the connector inthe
second direction is smaller than a diameter of the section of
the base.

In some embodiments, the connector has a plate shape
having a thickness in the second direction smaller than the
diameter of the section of the base.

In some embodiment, the connector has an inclined portion
formed at one edge portion of the connector in a third direc-
tion perpendicular to the first and the second direction, a
thickness of the inclined portion in the second direction
decreasing as it moves toward the third direction.

In some embodiments, said one edge portion of the
inclined portion of the connector in the third direction is
welded to the lead side connector.

In some embodiments, the connector has a diamond-like
section having a diagonal width smaller than the diameter of
the base.

In some embodiments, the connector has a circular section
having a diameter smaller than that of the base.

In some embodiments, the connector has a circular section
having a diameter smaller than that of the base.

In some embodiments, the solid electrolytic capacitor fur-
ther includes a cavity interposed in the second direction
between the connector and one end portion of the groove in
the second direction.

In some embodiments, the groove has a V shape when
viewed in the first direction, and a pair of slopes forming the
V shape is welded to the connector.

In some embodiments, the connector is placed to overlap
with the center portion of the section of the base when viewed
in the first direction.

In some embodiments, the connector is placed to overlap
with one end portion of the base in the second direction when
viewed in the first direction.

In some embodiments, a rough surface is formed on one
side of the connector in the second direction.

In some embodiments, one end portion of the connector in
the first direction is exposed from the porous sintered body.

In some embodiments, one end portion of the base in the
first direction is exposed from the porous sintered body.

In some embodiments, the solid electrolytic capacitor fur-
ther includes a hydrophobic member, wherein the base has an
exposed portion exposed from the porous sintered body, and
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the hydrophobic member is brought into contact with the
exposed portion and one end surface of the porous sintered
body in the first direction.

In some embodiments, the base further has an embedded
portion connected to the exposed portion and embedded in the
porous sintered body.

According to another aspect of the present disclosure, there
is provided a method for manufacturing a solid electrolytic
capacitor including: machining a manufacturing wire extend-
ing in a first direction and connected to a porous sintered body
such that a first end portion is exposed in the first direction;
welding the manufacturing wire and a lead side connector of
a manufacturing lead together; and forming a resin package
covering the porous sintered body, wherein said machining
the manufacturing wire includes decreasing a sectional area
of at least a portion of the manufacturing wire exposed from
the porous sintered body, wherein a first portion of the manu-
facturing wire corresponds to a connector, the first portion
having a sectional area decreased by said decreasing the
sectional area, and wherein a second portion of the manufac-
turing wire corresponds to a base, the second portion includ-
ing a second end portion opposite to the first end portion in the
first direction and not subjected to said decreasing the sec-
tional area.

In some embodiments, the manufacturing wire has a cir-
cular section, wherein in said machining the manufacturing
wire, a thickness of the manufacturing wire in a second direc-
tion perpendicular to the first direction is machined to be
smaller than a diameter of a section of the manufacturing
wire, and wherein in said welding the manufacturing wire and
the lead side connector, one side of the connector in the
second direction is welded to the lead side connector.

With this configuration, when the solid electrolytic capaci-
tor is manufactured, the connector can be welded to the lead
side connector with less heat than in the case where the base
is welded to the lead side connector. Accordingly, even if the
base is formed with a relatively thick manufacturing wire, it is
possible to reduce the heat required for welding the connector
and to prevent the porous sintered body from being damaged.
Accordingly, since the porous sintered body can be prevented
from being damaged when the solid electrolytic capacitor of
the present disclosure is manufactured, it is possible to pre-
vent a current leak. In addition, since the base can be made
thick, the solid electrolytic capacitor of the present disclosure
is suitable for the reduction of ESR.

According to yet another aspect of the present disclosure,
there is provided a solid electrolytic capacitor including a
solid electrolytic capacitor chip; a resin package which cover
the solid electrolytic capacitor chip; an anode wire having one
end in a longitudinal direction is connected to the solid elec-
trolytic capacitor chip; and an anode lead which makes elec-
trical conduction with the anode wire, wherein the resin pack-
age includes a first lateral face having a side extending in a
first direction and a second lateral face having a side extend-
ing in a second direction perpendicular to the first direction,
both of the first and second lateral faces having a side extend-
ing in a third direction perpendicular to the first and second
direction, and the solid electrolytic capacitor chip includes a
first face parallel to the first lateral face, a second face parallel
to the second lateral face, and a third face interposed between
the first face and the second face when viewed in the longi-
tudinal direction of the anode wire, the anode wire projecting
from the third face.

In some embodiments, the longitudinal direction of the
anode wire is inclined with respect to either the first direction
or the second direction.
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In some embodiments, the longitudinal direction of the
anode wire is vertical to the third face.

In some embodiments, the longitudinal direction of the
anode wire is perpendicular to the third direction.

In some embodiments, the anode wire has a first wire
exposed face coinciding with the first lateral face.

In some embodiments, the anode wire has a second wire
exposed face coinciding with the second lateral face.

In some embodiments, the anode lead includes a lead side
connector welded to the anode wire, the lead side connector
overlapping with the solid electrolytic capacitor chip when
viewed in the first and second directions.

In some embodiments, the lead side connector has a first
exposed face coinciding with the first lateral face.

In some embodiments, one edge of the first exposed face in
the first direction overlaps with an edge of the first lateral face
in the first direction when viewed in the third direction.

In some embodiments, the lead side connector has a second
exposed face coinciding with the second lateral face.

In some embodiments, one edge of the second exposed
face in the second direction overlaps with an edge of the
second lateral face in the second direction when viewed in the
third direction.

In some embodiments, the longitudinal direction of the
anode wire is inclined by 45 degrees with respect to the first
direction.

In some embodiments, the anode wire has an exposed
portion projecting from the first face and an embedded por-
tion embedded in the solid electrolytic capacitor chip.

According to still another aspect of the present disclosure,
there is provided a method for manufacturing a solid electro-
Iytic capacitor, including the steps of: forming a solid elec-
trolytic capacitor chip including a first face having a side
extending in a first direction, a second face having a side
extending in a second direction perpendicular to the first
direction, and a third face which connects one edge of the first
face in the first direction and one edge of the second face in the
second direction, and an intermediate element having a
manufacturing wire which projects from the third face; and
forming a resin package which cover the solid electrolytic
capacitor chip and has a first lateral face parallel to the first
face and a second lateral face parallel to the second face.

In some embodiments, the step of forming an intermediate
element includes forming the solid electrolytic capacitor
chip, and the step of forming the solid electrolytic capacitor
chip include pressing metal powders into a power solidified
body having the first to third faces using a press mold.

In some embodiments, the method further includes the step
of placing the manufacturing wire in the press mold and the
step of pressing is performed after the step of placing the
manufacturing wire in the press mold is performed.

In some embodiments, the step of forming a resin package
includes forming a resin material covering the solid electro-
Iytic capacitor chip and cutting the resin material, and the step
of cutting the resin material includes forming the first lateral
face by cutting the resin material along the first direction and
forming the second lateral face by cutting the resin material
along the second direction.

In some embodiments, the step of cutting the resin material
includes cutting the manufacturing wire.

In some embodiments, the method further includes the
steps of placing a lead for alead side connector and contacting
the lead for the lead side connector with the manufacturing
wire, wherein the step of cutting the resin material includes
cutting the lead for the lead side connector.

In some embodiments, the method further includes the
steps of fixing the other end of the manufacturing wire in the



US 9,263,193 B2

7

longitudinal direction to an elongated wire support and bend-
ing the manufacturing wire, wherein the longitudinal direc-
tion of the wire support coincides with the second direction by
bending the manufacturing wire.

In conventional structures where an anode wire projects
from one face of a cubic solid electrolytic capacitor chip,
there has been a need to make a resin package longer than the
solid electrolytic capacitor chip in the longitudinal direction
of the anode wire as much as the anode wire projects. How-
ever, in the present disclosure, the solid electrolytic capacitor
chip has the third face interposed between the first and second
faces parallel to the first and second lateral faces of the resin
package when viewed in the longitudinal direction of the
anode wire and the anode wire projects from the third face.
This third face is inclined with respect to the first and second
faces, and if the resin package is cubic, an available space is
formed between a corner of the cube and the third face. In the
solid electrolytic capacitor of the present disclosure, this
space can be used to make the size of the resin package closer
to the size of the solid electrolytic capacitor chip than when
the anode wire projects from the first and second faces. In
other words, the solid electrolytic capacitor of the present
disclosure can improve a ratio of the volume occupied by the
solid electrolytic capacitor chip in the resin package. Accord-
ingly, the solid electrolytic capacitor of the present disclosure
has a structure that facilitates reduction of the resin package
while increasing the volume of the solid electrolytic capacitor
chip, and compatibility of high capacity and compactness.

According to still another aspect of the present disclosure,
there is provided a solid electrolytic capacitor including: a
porous sintered body made of a valve-acting metal; a dielec-
tric layer which covers at least some of the porous sintered
body; a solid electrolytic layer which covers at least some of
the dielectric layer; a conductive bonding member which
covers at least some of the solid electrolytic layer; and an
electrode substrate which is at least partially covered by the
conductive bonding member and has a stacked structure made
of different kinds of metal materials.

In some embodiments, the porous sintered body, the
dielectric layer, the solid electrolytic layer and the conductive
bonding member are completely embedded in aresin package
and a portion of the electrode substrate is exposed from the
resin package.

In some embodiments, the stacked structure of the elec-
trode substrate is formed such that a thermal expansion coef-
ficient of each of the metal materials forming the structure is
increased as much as a thermal expansion coefficient of the
bottom of the device.

In some embodiments, the stacked structure of the elec-
trode substrate is formed such that a thermal conductivity of
each of the metal materials forming the structure is increased
as much as a thermal conductivity of the bottom of the device.

In some embodiments, the stacked structure of the elec-
trode substrate is formed with two layers of nickel or nickel
alloy, and copper or tin.

In some embodiments, the stacked structure of the elec-
trode substrate is formed with three layers of nickel alloy,
nickel and copper or tin.

In some embodiments, one main surface of the electrode
substrate which is not covered by the conductive bonding
member has a cutout which is at least partially covered by the
resin package.

In some embodiments, at least a portion of the electrode
substrate which is covered by the conductive bonding mem-
ber has an unevenness structure. The unevenness structure is
formed in at least one metal material layer in the metal mate-
rial stacked structure.
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In some embodiments, the unevenness structure has a
roughness which is formed in one metal material layer in the
metal material stacked structure.

In an example method for manufacturing the solid electro-
Iytic capacitor, a cutout and a fine structure in the stacked
structure of the electrode substrate are formed by half etching
or deep etching.

With the above-described configuration, since heat resis-
tance of the solid electrolytic capacitor is improved, it is
possible to prevent defects of the solid electrolytic capacitor
chip due to heat stress such as an increase in current leakage,
mold cracks and so on.

The above and other features and advantages of the present
disclosure will be more apparent from the following descrip-
tion in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing a solid electrolytic
capacitor according to a first embodiment of the present dis-
closure.

FIG. 2 is a main part sectional view taken along line II-I in
FIG. 1.

FIG. 3 is a perspective view showing the solid electrolytic
capacitor chip shown in FIG. 1.

FIG. 4 is a view showing a step of a method for manufac-
turing the solid electrolytic capacitor chip shown in FIG. 1.

FIG. 5 is a view showing a step subsequent to that shown in
FIG. 4.

FIG. 6 is a view showing a step subsequent to that shown in
FIG. 5.

FIG. 7 is a view showing a step subsequent to that shown in
FIG. 6.

FIG. 8A is a main part sectional view showing a solid
electrolytic capacitor according to a second embodiment of
the present disclosure.

FIG. 8B is an enlarged view of region A in FIG. 8A.

FIG. 9 is a main part sectional view showing the solid
electrolytic capacitor shown in FIGS. 8A and 8B.

FIG. 10 is a sectional view showing a solid electrolytic
capacitor according to a third embodiment of the present
disclosure.

FIG. 11 is a main part sectional view taken along line XI-XI
in FIG. 10.

FIG. 12 is a main part sectional view showing a solid
electrolytic capacitor according to a fourth embodiment of
the present disclosure.

FIG. 13 is a main part sectional view showing a solid
electrolytic capacitor according to a fiftth embodiment of the
present disclosure.

FIG. 14 is a main part sectional view showing a solid
electrolytic capacitor according to a sixth embodiment of the
present disclosure.

FIG. 15 is a main part sectional view showing a solid
electrolytic capacitor according to a seventh embodiment of
the present disclosure.

FIG. 16 is a perspective view showing a solid electrolytic
capacitor according to an eighth embodiment of the present
disclosure.

FIG. 17 is a main part plan view showing the solid electro-
Iytic capacitor shown in FIG. 16.

FIG. 18 is a sectional view taken along line III-1IT in FIG.
17.

FIG. 19 is a view showing a step of forming the solid
electrolytic capacitor chip shown in FIG. 16.

FIG. 20 is a view showing a step subsequent to that shown
in FIG. 19.
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FIG. 21 is a view showing a state where a powder solidified
body formed in the step shown in FIG. 20 is taken out of a
mold.

FIG. 22 is a view showing an intermediate element formed
with a solid electrolytic capacitor chip and a manufacturing
wire.

FIG. 23 is a view showing a step of manufacturing a plu-
rality of solid electrolytic capacitors by using a plurality of
intermediate elements.

FIG. 24 is a view showing a state after a manufacturing
wire of each intermediate element is bent.

FIG. 25 is a view showing a state where a plurality of
intermediate elements is provided at a manufacturing lead.

FIG. 26 is a view showing a step of forming resin material
to cover an intermediate element.

FIG. 27 is a view showing a step of forming a resin package
by cutting resin material.

FIG. 28 is a view showing a step of forming a powder
solidified body of a shape different from that of the eighth
embodiment.

FIG. 29 is a main part plan view showing a solid electro-
Iytic capacitor according to a ninth embodiment of the present
disclosure.

FIG. 30 is a sectional view taken along line XV-XV in FIG.
29.

FIG. 31 is a main part plan view showing a solid electro-
Iytic capacitor according to a tenth embodiment of the present
disclosure.

FIG. 32 is a main part plan view showing a solid electro-
Iytic capacitor according to an eleventh embodiment of the
present disclosure.

FIG. 33 is a sectional view taken along line X VIII-XVIII in
FIG. 32.

FIG. 34 is a main part plan view showing a solid electro-
Iytic capacitor according to a twelfth embodiment of the
present disclosure.

FIG. 35 is a sectional view taken along line XX-XX in FIG.
34.

FIG. 36A is a sectional view showing a solid electrolytic
capacitor according to a thirteenth embodiment of the present
disclosure.

FIG. 36B is an enlarged view of a main part of FIG. 36A.

FIG. 37 is a sectional view showing a solid electrolytic
capacitor according to a fourteenth embodiment of the
present disclosure.

FIG. 38 is a sectional view showing a solid electrolytic
capacitor according to a fifteenth embodiment of the present
disclosure.

FIG. 39 is a sectional view showing a solid electrolytic
capacitor according to a sixteenth embodiment of the present
disclosure.

FIG. 40 is a conceptual view showing a method of manu-
facturing a cathode lead according to the sixteenth embodi-
ment of the present disclosure.

FIG. 41 is a view showing conditions suitable for an elec-
trode substrate of a solid electrolytic capacitor according to
the present disclosure.

FIG. 42 is a perspective view showing one example of a
conventional solid electrolytic capacitor.

FIG. 43 is a sectional view showing one example of another
conventional solid electrolytic capacitor.

FIG. 44 is a sectional view of one example of another
conventional solid electrolytic capacitor.

DETAILED DESCRIPTION

Embodiments of the present disclosure will now be
described in detail with reference to the drawings. Through-
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out the drawings, the same or similar elements are denoted by
the same reference numerals, and explanations of which will
not be repeated.

First, a solid electrolytic capacitor capable of decreasing
ESR while suppressing a leakage current and a method for
manufacturing the solid electrolytic capacitor will be
described with reference to FIGS. 1 to 15.

FIGS. 1 and 2 show one example of a solid electrolytic
capacitor according to a first embodiment of the present dis-
closure. FIGS. 2 and 3 show one example of a solid electro-
lytic capacitor chip assembled in the solid electrolytic capaci-
tor shown in FIG. 1. A solid electrolytic capacitor 101
includes a resin package 1, a solid electrolytic capacitor chip
201, an anode lead 3, a cathode lead 4 and a bonding member
5. FIG. 2 is a main part section view taken along line II-II in
FIG. 1. In FIG. 2, a portion of the resin package 1 and anode
lead 3 is omitted. The solid electrolytic capacitor 101 has
substantially a cubic shape as a whole. In FIG. 1, the x
direction is a longitudinal direction of the solid electrolytic
capacitor 101 and corresponds to a first direction in the claims
of the present disclosure. The y direction is a direction per-
pendicular to the x direction and corresponds to a second
direction in the claims of the present disclosure. In FIG. 2, the
z direction is a direction perpendicular to the x and the y
directions and corresponds to a third direction in the claims of
the present disclosure.

The resin package 1 is made of a thermosetting resin such
as epoxy resin or the like and covers the entire surface of the
solid electrolytic capacitor chip 201. The resin package 1
covers the anode lead 3 in a manner that exposes a portion of
the anode lead 3. The resin package 1 also covers the cathode
lead 4 in a manner that exposes a portion of the cathode lead
4.

The solid electrolytic capacitor chip 201 includes an anode
wire 2, a cathode metal film 23, a cubic porous sintered body
24 extending in the x direction, and a hydrophobic member
25, as shown in FIGS. 1 to 3. The solid electrolytic capacitor
chip 201 is, for example, a tantalum capacitor chip.

The anode wire 2 is formed by machining a manufacturing
wire made of tantalum and is connected to the porous sintered
body 24 in such a manner that a left end portion thereof in the
x direction in FIG. 1 is exposed to the outside of the porous
sintered body 24, as will be described later. The anode wire 2
includes a base 21 and a connector 22 located at a left side of
the base 21 in the x direction in FIG. 1. The anode wire 2 is
covered by a dielectric film (not shown) such as a tantalum
pentoxide film. The base 21 includes an embedded portion
211 embedded in the porous sintered body 24, and an exposed
portion 212 exposed from the porous sintered body 24. As
shown in FIG. 1, the exposed portion 212 is connected to a left
end of the embedded portion 211 in the x direction. The base
21 has a circular section having a diameter of, for example,
100 to 400 um and is formed to extend leftward in the x
direction in FIG. 1. The connector 22 extends from the center
portion of the exposed portion 212 in the y direction. As
shown in FIG. 3, the connector 22 has a thin plate shape
having the y direction as a thickness direction. Further, as
shown in FIG. 2, the thickness of the connector 22 in the y
direction is smaller than the diameter of the base 21 and thus
a sectional area of the connector 22 is smaller than that of the
base 21.

In addition, the connector 22 has inclined portions 221 and
222 at the left and the right end portion in the z direction in
FIG. 2, respectively. The inclined portion 221 has a slope
directed downward in the y direction as it goes leftward in the
zdirectionin FI1G. 2, so that a thickness of the inclined portion
221 in the y direction decreases as it goes leftward in the z
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direction in FIG. 2. The inclined portion 222 has a slope
directed downward in the y direction as it goes rightward in
the z direction in FIG. 2, so that a thickness of the inclined
portion 222 in the y direction decreases as it goes rightward in
the z direction in FIG. 2.

The cathode metal film 23 is made of, for example, silver
and covers the porous sintered body 24 in a manner to expose
a left end surface 24a of the porous sintered body 24 in the x
direction in FIG. 1.

The porous sintered body 24 is prepared by sintering tan-
talum powder pressed into a cubic shape. A dielectric film
(not shown) is formed to cover the sintered tantalum powder
and gaps between the tantalum powders are filled with semi-
conductors. A graphite layer (not shown) is formed to cover
the sintered tantalum powder filled with the semiconductors.

The hydrophobic member 25 is made of, for example,
hydrophobic fluorine resin and is formed to have an annular
shape when viewed in the x direction. As shown in FIG. 1, the
hydrophobic member 25 is brought into contact with the
exposed portion 212 of the anode wire 2 and the end surface
24a of the porous sintered body 24. The function of the
hydrophobic member 25 will be shown for the manufacture of
the solid electrolytic capacitor chip 201, as will be described
later.

The anode lead 3 includes a terminal 31 exposed from the
resin package 1 and a lead side connector 32 connected to the
terminal 31 and the solid electrolytic capacitor chip 201. The
cathode lead 4 includes a terminal 41 exposed from the resin
package 1 and is connected to the solid electrolytic capacitor
chip 201 via the bonding member 5. The bonding member 5
is made, for example, by firing silver paste.

As shown in FIGS. 1 and 2, the lead side connector 32 has
aplate shape having the y direction as its thickness direction.
The lead side connector 32 is disposed below the connector
22 inthey direction in FIG. 1. As shown in FIG. 2, the bottom
surface of the connector 22 is brought into contact with the
top surface of the lead side connector 32 in the y direction. In
addition, a left and a right edge of the connector 22 in the z
direction in FIG. 2 are welded to the lead side connector 32 by
a manufacturing method which will be described later. More
specifically, a left and a right end edge of the inclined portion
221 in FIG. 2 are welded to the lead side connector 32.

Next, a method for manufacturing the solid electrolytic
capacitor 101 will be described with reference to FIGS. 410 7.

First, the solid electrolytic capacitor chip 201 is manufac-
tured.

For the manufacture of the solid electrolytic capacitor chip
201, a manufacturing wire 20 made of tantalum and having a
diameter of 100 to 400 um is first prepared and the porous
sintered body 24 is formed under a state where a proximal end
20a of the wire 20 is embedded in tantalum powder. The
porous sintered body 24 is formed according to the following
steps, for example.

First, the tantalum powder is pressed into a cubic shape
extending in the x direction and the cubic-shaped tantalum
powder is sintered under a high vacuum atmosphere, thereby
forming a base of the porous sintered body 24. Next, the base
is immersed in a strong acid solution under the application of
a voltage. This step results in a tantalum pentoxide film
formed on surfaces of tantalum powder particles in the base.
The tantalum pentoxide film acts as the above-described not-
shown dielectric film and the surface area of the dielectric
film defines a capacitance of the solid electrolytic capacitor
101. Atthis time, a dielectric film made of tantalum pentoxide
is also formed on an immersed portion of the manufacturing
wire 20 made of tantalum.
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Next, the hydrophobic member 25 is provided. In this step,
for example, the annular hydrophobic member 25 passes over
the manufacturing wire 20 from an end opposite to the proxi-
mal end 20a and is moved until it is brought into contact with
the base of the porous sintered body 24. Then, the hydropho-
bic member 25 is fixed to the base of the porous sintered body
24. Alternatively, the hydrophobic member 25 may be
attached to the manufacturing wire 20 at the time when the
wire 20 is embedded in the tantalum powder.

Next, porous cavities formed in the base of the porous
sintered body 24 are filled with semiconductors. The semi-
conductors are formed by, for example, immersing the base in
a manganese acetate solution and pyrolyzing the manganese
acetate solution. In this step, the hydrophobic member 25
provided in the previous step prevents the manganese acetate
solution from permeating into the manufacturing wire 20.
The pyrolysis of the manganese acetate solution allows man-
ganese dioxide, which is a semiconductor oxide, to be formed
to cover the tantalum pentoxide film. Thereafter, the base
filled with the semiconductors is filled with a graphite layer,
thereby forming the porous sintered body 24.

Next, the porous sintered body 24 is covered with, for
example, a silver film in a manner to expose the end surface
24a of the porous sintered body 24 from which the manufac-
turing wire 20 protrudes. Here, the silver film corresponds to
the cathode metal film 23. FIG. 4 shows an intermediate
product formed by the above-described steps. In the interme-
diate product shown in FIG. 4, the manufacturing wire 20
extends in the x direction and is connected to the porous
sintered body 24 in a manner to expose the left end portion in
the x direction. The right end portion of the manufacturing
wire 20 in FIG. 4, which includes the proximal end 20aq, is
embedded in the porous sintered body 24 and corresponds to
the embedded portion 211 in the finished product.

Next, a wire machining step is performed in which the
manufacturing wire 20 is machined. In this step, a sectional
area of a portion of the manufacturing wire 20 protruding
outward from the porous sintered body 24 is machined to be
decreased. For example, a portion of the manufacturing wire
20 is pressed into a thin plate shape by means of a press,
thereby obtaining a section as shown in FIG. 5. The portion of
the manufacturing wire 20 exposed from the porous sintered
body 24 but not being machined in this step corresponds to the
exposed portion 212. The combination of the exposed portion
212 and the embedded portion 211 formed in the previous
step corresponds to the base 21. Thereafter, the connector 22
is formed, for example, by removing an unnecessary portion,
thereby obtaining the solid electrolytic capacitor chip 201
having the connector 22 as shown in FIG. 3. The inclined
portions 221 and 222 of the connector 22 may be also formed
in the step of removing the unnecessary portion of the manu-
facturing wire 20. In addition, without completely cutting out
the manufacturing wire 20, a welding step to be described
later may be carried out, for example, under a state where the
connector 22 extends in the x direction to be longer than that
shown in FIG. 3. It is preferable that the unnecessary portion
be cut out before the resin package 1 is formed.

Next, manufacturing lead frames are subjected to a punch-
ing or a bending process, and thus, manufacturing leads 30
and 40 are formed to be separated from each other. Thereafter,
as shown in FIG. 6, the solid electrolytic capacitor chip 201
manufactured in the previous step is placed on the manufac-
turing leads 30 and 40. In this step, the connector 22 of the
solid electrolytic capacitor chip 201 is brought into contact
with the lead side connector 32 of the manufacturing lead 30.
In addition, in this step, a silver paste 50 is coated on the
manufacturing lead 40 before placing the solid electrolytic
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capacitor chip 201 on the manufacturing lead 40. The cathode
metal film 23 of the solid electrolytic capacitor chip 201
becomes conductive with and is fixed to the manufacturing
lead 40 via the silver paste 50. The bonding member 5 is
achieved by curing the silver paste 50.

Next, a welding step for welding together the lead side
connector 32 of the manufacturing lead 30 and the connector
22 of the solid electrolytic capacitor chip 201 is carried out.
This step is carried out by using a laser irradiation apparatus.
FIG. 7 shows irradiation of welding laser lights L.a and Lb
under a state where the connector 22 and the lead side con-
nector 32 are brought into contact with each other. As shown
in FIG. 7, the welding laser light La is irradiated on a contact
portion between the inclined portion 221 and the lead side
connector 32. More specifically, the welding laser light La is
irradiated on a left end edge of the inclined portion 221 in the
z direction in FIG. 7. This allows the left end edge of the
inclined portion 221 in FIG. 7 to be welded to the lead side
connector 32. In addition, the welding laser light Lb is irra-
diated on a contact portion between the inclined portion 222
and the lead side connector 32. More specifically, the welding
laser light Lb is irradiated on a right end edge of the inclined
portion 222 in the z direction in FIG. 7. This allows the right
end edge of the inclined portion 222 in FIG. 7 to be welded to
the lead side connector 32. The irradiation of the welding
lasers light La and Lb is performed for the entire length in the
x direction of the region where the lead side connector 32
overlaps with the connector 22 when viewed in the y direc-
tion. This welding may be performed by sequentially shifting
irradiation positions of the welding laser lights La and Lb in
the x direction.

After completing the welding, a step of forming the resin
package 1 is performed. This step is achieved by performing
a molding to enclose the solid electrolytic capacitor chip 201
with epoxy resin. The epoxy resin enclosing the solid elec-
trolytic capacitor chip 201 is cured to be the resin package 1.
Thereafter, the anode lead 3 is formed by bending the manu-
facturing lead 30 and the cathode lead 4 is formed by bending
the manufacturing lead 40.

Through the above-described steps, the solid electrolytic
capacitor 101 is completed.

Next, operation of the solid electrolytic capacitor 101 and
a method for manufacturing the same will be described.

The connector 22 of the solid electrolytic capacitor chip
201 is formed into a relatively thin plate shape whose thick-
ness in the y direction is smaller than the diameter of the base
21. According to the above-described manufacturing method,
the relatively thin connector 22 and the lead side connector 32
are welded together by means of the welding laser lights La
and Lb. In this welding step, since the connector 22 is formed
to be relatively thin, the amount of heat required for the
welding may be less than that required for welding of the base
21 and the lead side connector 32 without providing the
connector 22. That is, even if the base 21 is formed to be thick,
it is possible to prevent an increase in the amount of heat
required for the welding by forming the connector 22 into the
above-mentioned thin plate shape. Since the amount of heat
applied to the connector 22 for the welding is restricted, the
amount of heat applied to the porous sintered body 24 is also
restricted, which makes it easier to prevent the tantalum pen-
toxide film formed on the porous sintered body 24 from being
damaged. This allows the solid electrolytic capacitor 101 to
advantageously prevent the generation of a leakage current.
Accordingly, in the solid electrolytic capacitor 101, the anode
wire 2 can be formed by using the manufacturing wire 20
which is thicker than, for example, the anode wire 921 used
for the conventional solid electrolytic capacitor 90. In case of
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using the manufacturing wire 20 having a large diameter, the
diameter of the base 21, which is a non-machined portion,
becomes thick and thus the contact area between the base 21
and the porous sintered body 24 is increased. The solid elec-
trolytic capacitor 101 provided with such a solid electrolytic
capacitor chip 201 is suitable for decreasing ESR.

In this embodiment, the welding laser lights [.a and Lb are
irradiated on the inclined portions 221 and 222 formed in the
connector 22. In the connector 22, the inclined portions 221
and 222 are portions whose thicknesses in the y direction are
decreasing. Thus, the amount of heat required for the welding
of the connector 22 and the lead side connector 32 can be
further restricted. With this configuration, operation of the
above-described solid electrolytic capacitor chip 201 and
solid electrolytic capacitor 101 becomes more remarkable. In
addition, by restricting the amount of heat required for the
welding, the welding step can be performed, for example,
with restricted power for the welding laser lights La and Lb.
This can result in low power consumption required for the
welding step and hence reduction of manufacturing costs of
the solid electrolytic capacitor 101.

FIGS. 8A to 15 show different embodiments of the present
disclosure. Throughout these figures, the same or similar
elements as the above-described embodiment are denoted by
the same reference numerals as the above-described embodi-
ment. Explanation of some of the same or similar elements as
the above-described embodiment will not be repeated.

FIGS. 8A, 8B and 9 are views for explaining a solid elec-
trolytic capacitor according to a second embodiment of the
present disclosure. In this embodiment, a solid electrolytic
capacitor 102 includes a solid electrolytic capacitor chip 202
having a connector 22 of a structure different from that of the
solid electrolytic capacitor chip 201. Other configurations are
the same as those in the solid electrolytic capacitor 101. The
resin package 1 is not shown in FIGS. 8A, 8B and 9.

As shownin FIGS. 8 A and 8B, the connector 22 ofthe solid
electrolytic capacitor chip 202 is formed with a rough surface
223 having a plurality of protrusions 22a thereon. The rough
surface 223 is formed on the bottom surface of the connector
22 in the y direction and brought into contact with the lead
side connector 32. As shown in FIGS. 8A and 8B, the rough
surface 223 is formed substantially over the entire width of
the connector 22 in the z direction. As shown in FIG. 9, the
rough surface 223 is formed over most of the bottom surface
of'the connector 22 in the x direction. The length of the rough
surface 223 in the x direction is larger than the length in the x
direction of the region where the lead side connector 32
overlaps with the connector 22 when viewed in the y direc-
tion. This rough surface 223 can be formed, for example, by
pressing a portion of the manufacturing wire 20 into a thin
plate shape and subjecting the plate-shaped portion to a
roughening process at an appropriate point in the wire
machining step.

In this embodiment, the rough surface 223 ofthe connector
22 is brought into contact with the lead side connector 32.
More specifically, as shown in FIGS. 8 A and 8B, leading ends
of the protrusions 22a are brought into contact with the lead
side connector 32. Accordingly, the contact area between the
roughened connector 22 and the lead side connector 32
becomes smaller as compared to the case where the connector
22 is flat. It may be considered that the amount of heat
required for welding the roughened connector 22 and the lead
side connector 32 becomes smaller than that required for
welding the flat connector 22 and the lead side connector 32.
Accordingly, the intensity of the welding laser lights La and
Lb used to manufacture the solid electrolytic capacitor 102 in
this embodiment may be lower than that used to manufacture
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the solid electrolytic capacitor 101. This restricts the amount
of heat transferred to the porous sintered body 24 during
welding, thereby making it easier to prevent the tantalum
pentoxide film formed on the porous sintered body 24 from
being damaged. In addition, this provides an advantage of
reducing power consumption required for the welding step.

FIGS. 10 and 11 show a solid electrolytic capacitor accord-
ing to a third embodiment of the present disclosure. A solid
electrolytic capacitor 103 shown in FIGS. 10 and 11 includes
the resin package 1, asolid electrolytic capacitor chip 203, the
anode lead 3, the cathode lead 4 and the bonding member 5.
The resin package 1 is not shown in FIG. 11.

The solid electrolytic capacitor 203 is different in the shape
of the connector 22 from the solid electrolytic capacitor 201.
Other configurations are the same as those in the solid elec-
trolytic capacitor 201. As shown in FIG. 10, the connector 22
of'the solid electrolytic capacitor 203 extends to project from
the bottom portion of the base 21 in the y direction. The
connector 22 is formed to overlap with the bottom portion of
the base 21 when viewed in the x direction, and has a sectional
area which is greatly smaller than that of the base 21.

The anode lead 3 includes the terminal 31 and the lead side
connector 32 connected to the terminal 31. As shown in FIG.
10, the lead side connector 32 is placed to support the bottom
surface of the connector 22 in the y direction. As shown in
FIG. 11, the lead side connector 32 has a groove 32a indented
in the y direction. The groove 32a extends in the x direction
and has a V shape when viewed in the x direction. A pair of
slopes forming the V shape of the groove 324 supports both
end edges in the z direction of the bottom surface of the
connector 22 in the y direction in FIG. 11. A cavity 33 is
formed between the bottom portion of the groove 32a inthe y
direction in FIG. 11 and the connector 22. Contact between
the groove 32a and the connector 22 forms substantially a
linear region extending in the x direction and the contact area
therebetween is relatively small. The connector 22 of the solid
electrolytic capacitor chip 203 in this embodiment is also
welded to the lead side connector 32 by using laser lights.
Since the contact area between the connector 22 and the lead
side connector 32 is small, the amount of heat required for
welding is reduced.

The groove 32a is formed by, for example an excavating
process in the step of manufacturing the manufacturing lead
30.

As described above, when the solid electrolytic capacitor
103 is manufactured, the connector 22 and the lead side
connector 32 can be welded together with a relatively small
amount of heat. Accordingly, the solid electrolytic capacitor
103 is suitable for decreasing ESR, like the solid electrolytic
capacitor 101.

In addition, by providing the connector 22 with the same
rough surface as the rough surface 223 formed on the con-
nector 22 of the solid electrolytic capacitor chip 202, it is
possible to further reduce the amount of heat required for
welding.

FIG. 12 shows a solid electrolytic capacitor according to a
fourth embodiment of the present disclosure. A solid electro-
Iytic capacitor 104 shown in FIG. 12 includes a solid electro-
Iytic capacitor chip 204 and the lead side connector 32 formed
with a groove 325. Other configurations are the same as those
in the solid electrolytic capacitor 103. The resin package 1 is
not shown in FIG. 12.

As shown in FIG. 12, the solid electrolytic capacitor 204
includes the connector 22 having a diamond-shaped section.
Other configurations are the same as those in the solid elec-
trolytic capacitor chip 201. The connector 22 is placed such
that one of the diagonals of the diamond-shaped section
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extends in the z direction, and thus is brought into contact
with the groove 325 at apexes of both ends in the z direction.
Both widths of the diagonals extending in the y and the z
direction of the diamond-shaped section of the connector 22
are smaller than the diameter of the base 21.

The groove 325 formed in the lead side connector 32 has
the same V-like section as the groove 32a. As shown in FIG.
12, the groove 325 is formed to be deeper than the groove 32a,
and accordingly, it becomes more likely that the top portion of
the lead side connector 32 in the y direction is structurally
weak. To overcome this problem, in this embodiment, the
lead side connector 32 is provided with flat portions 34 to
reinforce both sides of the groove 325. In addition, as shown
in FIG. 12, a cavity 33 is formed between the bottom portion
of'the groove 325 in the y direction and the connector 22. With
this configuration, the contact area between the connector 22
and the lead side connector 32 can become smaller. Accord-
ingly, like the solid electrolytic capacitor 103, the solid elec-
trolytic capacitor 104 has a structure that allows a reduction of
the amount of heat required for the welding step in manufac-
turing the capacitor 103.

In addition, by providing the connector 22 with the same
rough surface as the rough surface 223 formed on the con-
nector 22 of the solid electrolytic capacitor chip 202, it is
possible to further reduce the amount of heat required for
welding.

In addition, although it is shown in FIG. 12 that the con-
nector 22 is placed at a position overlapping with the center
portion of a circular section of the base 21 when viewed in the
x direction, the connector 22 may be formed to project from
the bottom portion of the base 21 in the y direction, like the
connector 22 of the solid electrolytic capacitor chip 203.

FIG. 13 shows a solid electrolytic capacitor according to a
fifth embodiment of the present disclosure. A solid electro-
Iytic capacitor 105 shown in FIG. 13 includes a solid electro-
Iytic capacitor chip 205 and the lead side connector 32 formed
with a groove 32¢. Other configurations are the same as those
in the solid electrolytic capacitor 104. The resin package 1 is
not shown in FIG. 13.

As shown in FIG. 13, the solid electrolytic capacitor 205
includes the connector 22 having a circular section. Other
configurations are the same as those in the solid electrolytic
capacitor chip 201. The diameter of the connector 22 is
smaller than that of the base 21. Specifically, the diameter of
the connector 22 may be about 200 pm.

The groove 32¢ formed in the lead side connector 32 has
the same V-like section as the groove 32b. As shown in FIG.
13, the cavity 33 is formed between the bottom portion of the
groove 32¢ in the y direction and the connector 22. With this
configuration, the contact area between the connector 22 and
the lead side connector 32 can become smaller. Accordingly,
like the solid electrolytic capacitors 103 and 104, the solid
electrolytic capacitor 105 has a structure that allows a reduc-
tion of the amount of heat required for the welding step in
manufacturing the capacitor 103.

In addition, by providing the connector 22 with the same
rough surface as the rough surface 223 formed on the con-
nector 22 of the solid electrolytic capacitor chip 202, it is
possible to further reduce the amount of heat required for
welding.

In addition, although it is shown in FIG. 13 that the con-
nector 22 is placed at a position overlapping with the center
portion of the circular section of the base 21 when viewed in
the x direction, the connector 22 may be formed to project
from the bottom portion of the base 21 in the y direction, like
the connector 22 of the solid electrolytic capacitor chip 203.
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FIG. 14 shows a solid electrolytic capacitor according to a
sixth embodiment of the present disclosure. A solid electro-
Iytic capacitor 106 shown in FIG. 14 includes the lead side
connector 32 having a shape different from that of the solid
electrolytic capacitor 105. Other configurations are the same
as those in the solid electrolytic capacitor 105. The resin
package 1 is not shown in FIG. 14.

In this embodiment, at the top portion of the lead side
connector 32 in the y direction in FIG. 14, a pair of slopes 35
is formed to approach each other in the z direction as they go
upward in the y direction. Accordingly, the width in the z
direction ofthe top portion of the lead side connector 32 in the
y direction is smaller than the width in the z direction of the
lower portion of the lead side connector 32 in the y direction.
At the top portion of the lead side connector 32 is formed a
groove 324 fitted to the circular section of the connector 22.
The connector 22 is brought into contact with the groove 324
as shown in FIG. 14. In this embodiment, during manufac-
turing of the solid electrolytic capacitor 106, for example,
welding laser lights propagating in the z direction are irradi-
ated on a contact portion between the connector 22 and the
groove 32d from the left and the right side in FIG. 14. At this
time, both end portions in the z direction of the contact por-
tion between the connector 22 and the groove 324 are welded.
Accordingly, it may be considered that the amount of heat
required for the welding step when the solid electrolytic
capacitor 106 is manufactured has no significant difference
from that required for the welding step when the solid elec-
trolytic capacitor 105 is manufactured. Accordingly, like the
solid electrolytic capacitor 105, the solid electrolytic capaci-
tor 106 in this embodiment has a structure that allows a
reduction of the amount of heat required for the welding step.

In addition, by providing the connector 22 with the same
rough surface as the rough surface 223 formed on the con-
nector 22 of the solid electrolytic capacitor chip 202, it is
possible to further reduce the amount of heat required for
welding.

In addition, although it is shown in FIG. 14 that the con-
nector 22 is placed at a position overlapping with the center
portion of the circular section of the base 21 when viewed in
the x direction, the connector 22 may be formed to project
from the bottom portion of the base 21 in the y direction, like
the connector 22 of the solid electrolytic capacitor chip 203.

FIG. 15 shows a solid electrolytic capacitor according to a
seventh embodiment of the present disclosure. A solid elec-
trolytic capacitor 107 shown in FIG. 15 includes the lead side
connector 32 having a shape different from that of the solid
electrolytic capacitor 105. Other configurations are the same
as those in the solid electrolytic capacitor 105. The resin
package 1 is not shown in FIG. 15.

As shown in FIG. 15, in this embodiment, the width of the
lead side connector 32 in the z direction is substantially the
same to that of the connector 22. At the top of the lead side
connector 32 is formed a groove 32e¢ having a long semi-
elliptical section in the y direction. The cavity 33 is formed
between the bottom portion of the groove 32¢ in the y direc-
tion in FIG. 15 and the connector 22.

Also, in this embodiment, the contact area between the
connector 22 and the groove 32¢ is made small like the solid
electrolytic capacitor 105. The solid electrolytic capacitor
107 in this embodiment can also reduce the amount of heat
required for the welding step.

The above-described embodiments are not intended to
limit the scope of the present disclosure. Detailed configura-
tion of various parts of the solid electrolytic capacitors of the
present disclosure and the methods for manufacturing the
same may be modified in design in different ways.
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For example, although the groove 32a formed in the lead
side connector 32 in the solid electrolytic capacitor 103 is
configured to reduce the contact area with the connector 22,
this configuration may be employed for the solid electrolytic
capacitor 101 and/or the solid electrolytic capacitor 102.

In addition, although, in the above-described manufactur-
ing method, manganese dioxide is used as semiconductors for
filling the gaps between the tantalum powder of the porous
sintered body 24, the gaps may be filled with, for example,
polymeric organic electrolytes. In addition, in order to pre-
vent the polymeric organic electrolytes from permeating into
the manufacturing wire, silicone resin may be applied on a
portion corresponding to the exposed portion 212 of the
manufacturing wire 20 in a finished product. In addition,
although, in the above-described embodiments, an annular
solidified material is used as the hydrophobic member 25, this
may be replaced with an application of fluorine resin on the
end surface 24a of the porous sintered body 24.

In addition, although, in the above-described manufactur-
ing method, it is illustrated that the manufacturing wire 20 is
embedded in the tantalum powder and then the tantalum
powder is pressurized to form the porous sintered body 24, the
manufacturing wire may be connected to the porous sintered
body after forming the porous sintered body. In this case, it is
appropriate to interconnect the porous sintered body and the
manufacturing wire by means of welding. At this time, a
wiring machining step of forming a connector and a base by
machining the manufacturing wire may be performed before
or after the manufacturing wire is welded to the porous sin-
tered body.

Hereinafter, a solid electrolytic capacitor having a configu-
ration capable of simultaneously achieving high capacity and
compactness and a method of manufacturing the same will be
described in detail with reference to FIGS. 16 to 35.

FIGS. 16 to 18 show one example of a solid electrolytic
capacitor according to an eighth embodiment of the present
disclosure. A solid electrolytic capacitor 701 shown in FIGS.
16 to 18 includes the resin package 1, the solid electrolytic
capacitor chip 201, the anode wire 2, the anode lead 3 and the
cathode lead 4. The resin package 1 is not shown in FIG. 17.
FIG. 18 is a sectional view taken along line III-III in FIG. 17.

The resin package 1 is made of a thermosetting resin such
as epoxy resin or the like and covers the entire surface of the
solid electrolytic capacitor chip 201. In addition, the resin
package 1 covers the anode wire 2 in a manner to expose a
portion of the anode wire 2. The resin package 1 also covers
the anode lead 3 in a manner to expose a portion of the anode
lead 3 and the cathode lead 4 in a manner to expose a portion
of the cathode lead 4.

As shown in FIG. 16, the resin package 1 is formed into a
cubic shape having a first lateral surface 11 and a second
lateral surface 12 perpendicular to the first lateral surface 11.
The x, y and z directions used in the following description are
orthogonal to each other. The first lateral surface 11 is of a
rectangular shape having a long side extending in the x direc-
tion and a short side extending in the z direction. The second
lateral surface 12 is of a rectangular shape having a side
extending in the y direction and a side extending in the z
direction. An edge 111 forming one edge of the first lateral
surface 11 in the x direction also forms one edge of the second
lateral surface 12 in the y direction. The edge 111 extends in
the z direction of the first lateral surface 11 and also extends
in the z direction of the second lateral surface 12. The dimen-
sion of the resin package 1 is, for example, 1.6 mm in the x
direction, 0.85 mm in the y direction, and 0.8 mm in the z
direction.
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As shown in FIG. 17, the solid electrolyte capacitor chip
201 is formed into a rectangular shape having four corners,
one of which is cut out, when viewed in the z direction, and
has a first surface 81, a second surface 82 and a third surface
83. The first surface 81 is parallel with the first lateral surface
11 and is of a rectangular shape having a long side extending
in the x direction and a short side extending in the z direction.
The second surface 82 is parallel with the second lateral
surface 12 and is of a rectangular shape having a side extend-
ing in the y direction and a side extending in the z direction.
The third surface 83 is of a rectangular shape having a side
extending in an Ly direction inclined by 45 degrees with
respect to the x and the y direction and by 90 degrees with
respect to the z direction and a side extending in the z direc-
tion. As shown in FIG. 17, the third surface 83 is interposed
between the first surface 81 and the second surface 82 when
viewed in an Lx direction perpendicular to the Ly direction.
The third surface 83 is perpendicular to the L.x direction.
When viewed in the y direction, one edge of the first surface
81 in the x direction is positioned differently in the x direction
from the second surface 82. In addition, when viewed in the x
direction, one edge of the second surface 82 in the y direction
is positioned differently in the y direction from the first sur-
face 81.

As shown in FIG. 18, the solid electrolytic capacitor chip
201 includes the porous sintered body 24 and the cathode
metal film 23 covering most of the porous sintered body 24.
The porous sintered body 24 is made of a valve-acting metal
such as tantalum, niobium or the like. The cathode metal film
23 is made of, for example, silver and is formed to cover most
of'the porous sintered body 24. As shown in F1G. 17, since the
cathode metal film 23 is not provided on the third surface 83
of the solid electrolytic capacitor chip 201, the porous sin-
tered body 24 is exposed.

The anode wire 2 is made of a valve-acting metal such as
tantalum, niobium or the like. As shown in FIG. 17, the anode
wire 2 projects from the third surface 83 and extends along the
Lx direction. That is, the L.x direction corresponds to a lon-
gitudinal direction of the anode wire 2. The Lx direction is
inclined by 45 degrees with respect to the x and the y direction
and perpendicular to the z direction. The diameter of the
anode wire is, for example, 0.15 mm.

The anode wire 2 includes an exposed portion 212 exposed
from the porous sintered body 24 and an embedded portion
211 embedded in the porous sintered body 24. The embedded
portion 211 corresponds to a portion including one end por-
tion of the anode wire 2 in the Lx direction and is connected
to the porous sintered body 24. As shown in FIG. 16, at the
other end portion of the anode wire 2 in the Lx direction are
formed a first and a second wire exposed surface 2121 and
2122 exposed from the resin package 1. The first wire
exposed surface 2121 is formed to be on the same plane with
the first lateral surface 11. The second wire exposed surface
2122 is formed to be on the same plane with the second lateral
surface 12. As shown in FIG. 16, one edge of the first wire
exposed surface 2121 in the x direction overlaps with the edge
111 when viewed in the z direction, and one edge of the
second wire exposed surface 2122 in the y direction overlaps
with the edge 111 when viewed in the z direction.

The anode lead 3 includes the terminal 31 and the lead side
connector 32. As shown in FIG. 17, the terminal 31 has a long
rectangular shape when viewed in the z direction and is
placed such that a portion thereof overlaps with one end
portion of the solid electrolytic capacitor chip 201 in the x
direction. As shown in FIG. 18, the terminal 31 is exposed to
the outside of the resin package 1. The lead side connector 32
is formed to extend in the z direction from the vicinity of one
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end portion of the terminal 31 in the y direction and makes
electrical conduction with the terminal 31. The lead side
connector 32 is fixed to the terminal 31 and is also enclosed by
and fixed to the resin package 1. In addition, the top portion of
the lead side connector 32 in the z direction in FIG. 18 is
brought into contact with the anode wire 2 and makes elec-
trical conduction with the anode wire 2.

As shown in FIG. 18, the lead side connector 32 is inter-
posed between the edge 111 and the third surface 83 in the Lx
direction. As shown in FIG. 17, most of the lead side connec-
tor 32 overlaps with the solid electrolytic capacitor chip 201
when viewed in the x direction. Similarly, most of the lead
side connector 32 overlaps with the solid electrolytic capaci-
tor chip 201 when viewed in the y direction. As shown in
FIGS. 16 and 17, the lead side connector 32 is of a trapezoidal
shape when viewed in the z direction and has, at both end
portions in the Ly direction, a first and a second exposed
surface 321 and 322 exposed from the resin package 1. The
first exposed surface 321 is formed to be on the same plane
with the first lateral surface 11. The second exposed surface
322 is formed to be on the same plane with the second lateral
surface 12.

As shown in FIG. 17, the cathode lead 4 is of a long
rectangular shape when viewed in the z direction and is
placed such that a portion thereof overlaps with the other end
portion of the solid electrolytic capacitor chip 201 in the x
direction. As shown in FIG. 18, the bottom portion of the
cathode lead 4 in the z direction is exposed to the outside of
the resin package 1. The top portion of the cathode lead 4 in
the z direction in FIG. 18 penetrates into the resin package 1
to be brought into contact with the solid electrolytic capacitor
chip 201. The cathode lead 4 is bonded to the cathode metal
film 23 by means of a silver paste (not shown).

Next, a method for manufacturing the solid electrolytic
capacitor 701 will be described with reference to FIGS. 19 to
27.

A method for manufacturing the solid electrolytic capaci-
tor 701 includes a process of forming an intermediate element
2A including the manufacturing wire 20 and the solid elec-
trolytic capacitor chip 201, and a process of forming the resin
package 1 covering the solid electrolytic capacitor chip 201.
FIGS. 19 to 22 show the process of forming the intermediate
element 2A.

The process of forming the intermediate element 2A
includes a step of placing the manufacturing wire 20 in a
pressing mold 6, and a step of forming the solid electrolytic
capacitor chip 201 using the pressing mold 6 in which the
manufacturing wire 20 is placed. The process of forming the
intermediate element 2A will be described in detail below.

First, the manufacturing wire 20 made of a valve-acting
metal such as tantalum, niobium or the like and metal pow-
ders 24b made of a valve-acting metal such as tantalum,
niobium or the like are prepared. Then, as shown in FIG. 19,
a step of placing the prepared manufacturing wire 20 in the
pressing mold 6 is performed. At this time, the longitudinal
direction of the manufacturing wire 20 is set to the Lx direc-
tion. The pressing mold 6 includes a pair of fixed molds 61
and 62 separated from each other in the Lx direction and a pair
of movable molds 63 and 64 separated from each other in the
Ly direction perpendicular to the Lx direction. The movable
molds 63 and 64 can be moved in the Ly direction. The fixed
mold 61 has an inner surface 611 perpendicular to the Ix
direction and a through-hole 612 passing therethrough the
manufacturing wire 20 in the Lx direction. The fixing mold 62
has an inner surface 621 facing the inner surface 611. The
movable mold 63 has a pressing surface 631 of a rectangular
shape having a long side extending in the x direction and a
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short side extending in the z direction, and a pressing surface
632 of a rectangular shape having a side extending in the y
direction and a side extending in the z direction. The movable
mold 64 has a pressing surface 641 of a rectangular shape
having a long side extending in the x direction and a short side
extending in the z direction, and a pressing surface 642 of a
rectangular shape having a side extending in the y direction
and a side extending in the z direction. In addition, in this step,
the previously prepared metal powders 245 are placed in a
region surrounded by the fixed molds 61 and 62 and the
movable molds 63 and 64. As shown in FIG. 19, one side of
the manufacturing wire 20 in the Lx direction (the lower
portion thereof in FIG. 19) is embedded in the metal powers
24b.

After performing the step of placing the manufacturing
wire 20 and the metal powders 245 in the pressing mold 6, a
pressing step of pressing the metal powders 2454 is performed.
Inthis step, as shown in FIG. 20, the movable molds 63 and 64
are moved to be close to each other in the Ly direction so that
the metal powders 24b are pressed to be hardened. The
pressed and hardened metal powders 245 become a powder
solidified body 24c. In this step, a first surface 81a of a
rectangular shape having a long side extending in the x direc-
tion and a short side extending in the z direction is formed to
correspond to the pressing surface 631. A second surface 82a
of arectangular shape having a side extending in the y direc-
tion and a side extending in the z direction is formed to
correspond to the pressing surface 642. In addition, as shown
in FIG. 20, end portions at the side of the movable molds 63
and 64 in the Lx direction (the upper side of the movable
molds 63 and 64 in FIG. 20) are separated from each other in
the Ly direction. Accordingly, in this step, a third surface 83a
of a rectangular shape having a side extending in the Ly
direction and a side extending in the z direction is formed
along the inner surface 611. The portion of the manufacturing
wire 20 exposed from the power solidified body 24c¢ is
referred to as an exposed portion 2124 and the portion of the
manufacturing wire 20 embedded in the power solidified
body 24c is referred to as an embedded portion 211a.

Next, a step of taking the manufacturing wire 20 and the
powder solidified body 24¢ out of the pressing mold 6 and
forming the porous sintered body 24 from the powder solidi-
fied body 24c is performed. FIG. 21 shows a state where the
manufacturing wire 20 and the powder solidified body 24c¢ are
taken out of the pressing mold 6.

In this step, the powder solidified body 24c is first sintered
under a vacuum. Next, the sintered powder solidified body
24c¢ is immersed in a strong acid solution while a voltage is
being applied. The result is that a dielectric oxide film is
formed on a surface of the powder particles of the powder
solidified body 24c¢. The dielectric oxide film is made of
tantalum pentoxide or niobium pentoxide. Next, gaps
between the powders of the powder solidified body 24¢ are
filled with a solid electrolyte. The solid electrolyte is made of
manganese dioxide or a conductive polymer. Thereafter, the
powder solidified body 24c filled with the solid electrolyte is
covered by a graphite layer to form the porous sintered body
24.

Next, a step of forming the cathode metal film 23 to cover
the porous sintered body 24 is performed. FIG. 22 shows a
state where the cathode metal film 23 is formed. This step is
performed by covering the porous sintered body 24 with
silver plating in such a manner that the third surface 83a is
exposed. The silver plating formed in this step corresponds to
the cathode metal film 23. The porous sintered body 24 on
which the cathode metal film 23 is formed corresponds to the
solid electrolytic capacitor chip 201. Since the cathode metal
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film 23 is formed to have substantially a uniform thickness,
the external shape of the solid electrolytic capacitor chip 201
follows the shape of the porous sintered body 24. As shown in
FIG. 22, the solid electrolytic capacitor chip 201 is formed to
have the first surface 81 following the first surface 81a, the
second surface 82 following the second surface 82a, and the
third surface 83 following the third surface 83a. The third
surface 83 is identical to the third surface 83a.

The intermediate element 2A is formed by the above-
described steps. According to this manufacturing method, the
manufacturing wire 20 naturally has a shape projecting from
the third surface 83 of the solid electrolytic capacitor chip
201.

Next, as shown in FIG. 23, a step of fixing a plurality of
intermediate elements 2A to a wire supporting lead 300 is
performed. This step is performed by welding end portions at
one end of the manufacturing wires 20 in the longitudinal [.x
direction (the upper end of the manufacturing wires 20 in
FIG. 23) to the wire supporting lead 300 which is made of
metal and extends in the Ly direction. Instead of this step, a
state as shown in FIG. 23 may be realized by attaching the
manufacturing wires 20 to the wire supporting lead 300 in
advance and forming the solid electrolytic capacitor chips
201 to cover the end portions at the other end of the manu-
facturing wires 20 in the [x direction (the lower end of the
manufacturing wires 20 in FIG. 23). The plurality of interme-
diate elements 2A hung on the wire supporting lead 300 as
shown in FIG. 23 is referred to as an intermediate body 2B.

Next, a bending step of bending the manufacturing wires
20 is performed. FIG. 24 shows a state after performing the
step of bending the manufacturing wires 20 with respect to the
intermediate body 2B. According to this step, as shown in
FIG. 24, the end portions of one end of the manufacturing
wires 20 in the longitudinal direction (the upper end of the
manufacturing wires 20 in FIG. 24) extend in the x direction,
while the other portions thereof are inclined by 45 degrees
with respect to the x direction. In the state shown in FI1G. 24,
the wire supporting lead 300 extends in the y direction and the
plurality of intermediate elements 2A is arranged in an over-
lapping manner when viewed in the y direction.

In parallel to the above-described step, manufacturing
leads 410 and 411 are prepared. The manufacturing lead 410
is formed into a band shape extending in the y direction when
viewed in the z direction, for example, by subjecting a metal
plate to a punching process. The manufacturing lead 411 is
formed into a band shape extending in the y direction when
viewed in the z direction, for example, by subjecting a metal
plate thicker than the manufacturing lead 410 in the z direc-
tion to a punching process. The manufacturing leads 410 and
411 are arranged to be separated from each other in the x
direction.

Next, a plurality of lead side connector leads 320 is placed
atappropriate positions of the manufacturing lead 410. In this
step, for example, with the Lx direction set as a thickness
direction, the lead side connector leads 320 of a plate shape
extending in the Ly direction are placed to extend with respect
to the manufacturing lead 410 and then fixed thereto by weld-
ing.

Next, as shown in FIG. 25, a step of placing the interme-
diate body 2B on the manufacturing leads 410 and 411 is
performed. In this step, the manufacturing wires 20 are
brought into contact with the lead side connector leads 320 in
one-to-one correspondence, and the solid electrolytic capaci-
tor chips 201 are brought into contact with the manufacturing
lead 411. Thereafter, the manufacturing wires 20 are welded
to the respective corresponding lead side connector leads 320.
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Next, a step of forming the resin package 1 is performed.
First, as shown in FIG. 26, the intermediate body 2B and the
manufacturing leads 410 and 411 are interposed between
molds 10A and 10B. Next, a step of forming a resin material
10 covering the solid electrolytic capacitor chip 201 by cast-
ing epoxy resin into a space defined by the molds 10A and
10B and curing the epoxy resin is performed. Thereafter, a
resin cutting step of cutting the resin material 10 is performed.
In the resin cutting step, the resin material 10 is cut along
cutting lines C1 to C4 indicated by two-dot chain lines in FIG.
27. The cutting lines C1 and C3 extend along the x direction
and the cutting lines C2 and C4 extend along the y direction.
The resin package 1 is obtained by cutting the resin material
10. A cut surface formed along the cutting line C1 corre-
sponds to the first lateral surface 11 and a cut surface formed
along the cutting line C2 corresponds to the second lateral
surface 12.

As shown in FIG. 27, the cutting lines C1 and C2 pass
through the lead side connector lead 320. In the resin cutting
step, the lead side connector lead 320 is also cut. The lead side
connector 32 is formed by cutting the lead side connector lead
320. A cut surface formed by cutting the lead side connector
lead 320 along the cutting line C1 corresponds to the first
exposed surface 321. A cut surface formed by cutting the lead
side connector lead 320 along the cutting line C2 corresponds
to the second exposed surface 322. According to this manu-
facturing process, the first exposed surface 321 naturally
comes to be in the same plane as the first lateral surface 11 and
the second exposed surface 322 naturally comes to be in the
same plane as the second lateral surface 12.

In addition, the cutting lines C1 and C2 pass through the
manufacturing wire 20. In the resin cutting step, the manu-
facturing wire 20 is also cut. The anode wire 2 is formed by
cutting the manufacturing wire 20. The embedded portion
211a of the manufacturing wire 20 corresponds to the embed-
ded portion 211 of the anode wire 2. In the exposed portion
212a of the manufacturing wire 20, a portion left after the
resin cutting step corresponds to the exposed portion 212. A
cut surface formed by cutting the manufacturing wire 20
along the cutting line C1 corresponds to the first wire exposed
surface 2121. A cut surface formed by cutting the manufac-
turing wire 20 along the cutting line C2 corresponds to the
second wire exposed surface 2122. According to this manu-
facturing process, the first wire exposed surface 2121 natu-
rally comes to be in the same plane as the first lateral surface
11 and the second wire exposed surface 2122 naturally comes
to be in the same plane as the second lateral surface 12.

The cutting lines C1 to C4 shown in FIG. 27 are merely
examples and other different cutting lines may be set.

Next, operation of the solid electrolytic capacitor 701 will
be described.

In the solid electrolytic capacitor 701, the solid electrolytic
capacitor chip 201 has the third surface 83 inclined with
respectto the x and the y direction and is of a shape where one
of the four corners thereof is not present when viewed in the
z direction. When the solid electrolytic capacitor chip 201 is
received in the cubic resin package 1, an additional space is
provided to the degree as one corner of the solid electrolytic
capacitor chip 201 is not present. In the above-described
embodiment, the lead side connector 32 is placed in this
space. Accordingly, the solid electrolytic capacitor 701 has a
structure that achieves compactness of the resin package 1.

In addition, if the resin package 1 has the same size as that
of'a conventional resin package, for example, the dimension
in the x direction of the solid electrolytic capacitor 201 can be
increased by as much as the lead side connector 32. Although
one corner of the solid electrolytic capacitor chip 201 is not

10

15

20

25

30

35

40

45

50

55

60

65

24

present, the volume thereof can be increased over as much as
avolume decreases by the absence ofthe corner by increasing
the dimension in the x direction thereof. The increase in
volume of the solid electrolytic capacitor chip 201 leads to an
increase in the volume of the porous sintered body 24 occu-
pying most of the solid electrolytic capacitor chip 201. The
increase in volume of the porous sintered body 24 results in an
improvement of the capacitance of the solid electrolytic
capacitor 101.

As described above, by placing the lead side connector 32
in the space formed by the absence of one corner of the solid
electrolytic capacitor chip 201, it is possible in the solid
electrolytic capacitor 701 to increase the volume of the solid
electrolytic capacitor chip 201 received in the resin package
1. Accordingly, it is possible for the solid electrolytic capaci-
tor 701 to improve a volume ratio occupied by the solid
electrolytic capacitor chip 201 in the resin package 1. Thus,
the solid electrolytic capacitor 701 can reduce the size of the
resin package 1 while increasing the volume of the solid
electrolytic capacitor chip 201 in the resin package 1, thereby
simultaneously achieving high capacity and compactness.

In addition, in the above-described manufacturing method,
the bending step of bending the manufacturing wires 20 is
performed. FIG. 23 shows a state before the bending step is
performed. As shown in FIG. 23, the solid electrolytic capaci-
tor chips 201 are arranged to be deviated from each other
when viewed in the y direction. With this arrangement, it is
difficult to place the plurality of intermediate elements 2A on
the same manufacturing leads 410 and 411. On the other
hand, in FIG. 24 showing a state after the bending step is
performed, the solid electrolytic capacitor chips 201 are
arranged to overlap with each other when viewed in the y
direction. With this arrangement, it is possible to place all of
the solid electrolytic capacitor chips 201 arranged along the y
direction on the same manufacturing leads 410 and 411
extending in the y direction, as shown in FIG. 25. Accord-
ingly, the bending step of bending the manufacturing wires 20
can provide the great benefit of mass production of the solid
electrolytic capacitor 701.

In addition, although, in the above-described manufactur-
ing method, powder material 2014 is formed to cover one end
portion of the manufacturing wire 20 in the Lx direction, the
following manufacturing method of forming the manufactur-
ing wire 20 may be also performed. In this case, it is possible
to realize substantially the same state as that shown in FIG. 19
by first pressing the metal powders 245 and passing the manu-
facturing wire 20 through the third surface 83a before sinter-
ing the metal powders 2464.

In addition, although one corner of the solid electrolytic
capacitor chip 201 is not present in the above-described solid
electrolytic capacitor 701, other corners of the solid electro-
Iytic capacitor chip 201 may also not be present. FIG. 28
shows a power solidified body 24¢ of a rectangular shape with
its four corners not present and a pressing mold 6' used to
form the power solidified body 24c¢. A movable mold 63' of
the pressing mold 6' has a pressing surface 633 which is
interposed between pressing surfaces 631 and 632 and is
perpendicular to the Ly direction. A movable mold 64' has a
pressing surface 643 which is interposed between pressing
surfaces 641 and 642 and is perpendicular to the Ly direction.
In addition, end portions at one side of the movable molds 63'
and 64' in the Ix direction (the lower side of the movable
molds 63' and 64' in FIG. 28) are separated from each other
even under a state where they are moved to be close to each
other, and a surface along the inner side 621 is formed on the
power solidified body 24c.
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FIGS. 29 to 33 show different embodiments of the present
disclosure. Throughout these figures, the same or similar
elements as the above-described embodiments are denoted by
the same reference numerals as the above-described embodi-
ments, and explanation of which will not be repeated.

FIGS. 29 and 30 show a solid electrolytic capacitor accord-
ing to a ninth embodiment of the present disclosure. In this
embodiment, a solid electrolytic capacitor 702 includes an
anode lead 3A and a cathode member 4A instead of the anode
lead 3 and the cathode lead 4, respectively. Other configura-
tions are the same as those in the solid electrolytic capacitor
701. The resin package 1 is not shown in FIG. 29.

The anode lead 3 A includes the lead side connector 32 and
the terminal electrode 33. In this embodiment, as shown in
FIG. 29, the lead side connector 32 is formed into a triangular
prism shape having a right-angled triangular section when
viewed in the z direction. The lead side connector 32 also has
the first and second exposed surface 321 and 322. The termi-
nal electrode 33 is a metal terminal of a thin film shape
formed, for example, by plating. The terminal electrode 33 is
fixed to the lead side connector 32.

As shown in FIG. 29, an edge at one side of the first
exposed surface 321 in the x direction overlaps with an edge
at one side of a first wire exposed surface 2121 in the x
direction when viewed in the z direction. Similarly, an edge at
one side of the second exposed surface 322 in the y direction
overlaps with an edge at one side of a second wire exposed
surface 2122 in the y direction. As described in the descrip-
tion for the solid electrolytic capacitor 701, when viewed in
the z direction, the edge at one side of the first wire exposed
surface 2121 in the x direction overlaps with the edge 111 of
the resin package 1 and the edge at one side of the second wire
exposed surface 2122 in the y direction also overlaps with the
edge 111. Further, when viewed in the z direction, the edge at
one side of the first exposed surface 321 in the x direction
overlaps with the edge 111 and the edge at one side of the
second exposed surface 322 in the y direction also overlaps
with the edge 111.

Also in this embodiment, the anode wire 2 and the lead side
connector 32 are welded together. If a welding area is small,
the anode wire 2 can be separated from the lead side connec-
tor 32 when an external force is applied thereto. Accordingly,
it is required to increase the contact area between the anode
wire 2 and the lead side connector 32 to a certain extent. The
lead side connector 32 shown in FIG. 29 has a shape more
suitable to increase the contact area with the anode wire 2 than
the lead side connector 32 of a trapezoidal shape.

The anode member 4A includes a bonding member 42 to
bond the cathode metal film 23 and the terminal electrode 41
made of a thin metal formed, for example, by plating. The
bonding member 42 is made of, for example, a silver paste
and is formed such that the bottom portion thereof in FIG. 30
in the z direction is exposed from the resin package 1.

By forming the terminal electrodes 33 and 41 through
plating, it is possible to reduce the thickness of the solid
electrolytic capacitor 702 in the z direction.

FIG. 31 shows a solid electrolytic capacitor according to a
tenth embodiment of the present disclosure. In a solid elec-
trolytic capacitor 702 of this embodiment, the Lx direction,
which is the longitudinal direction of the anode wire 2, is
inclined by 60 degrees with respect to the x direction. As
shown in FIG. 31, the Ly direction is perpendicular to the Lx
direction and is inclined by 60 degrees with respect to the y
direction, thereby making the inclination of the third lateral
surface 83 different from that in the solid electrolytic capaci-
tor 702. The anode wire 2 does not reach the second lateral
surface 12 of the resin package 1 and has the first wire
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exposed surface 2121 on the same plane with the first lateral
surface 11. In addition, the lead side connector 32 also has a
triangular prism shape having a surface parallel with the third
lateral surface 83. Other configurations of the solid electro-
Iytic capacitor 703 are the same as those in the solid electro-
Iytic capacitor 702. The resin package 1 is not shown in FIG.
31.

This embodiment can obtain the same effects as the case
where the Lx direction is inclined by 45 degrees with respect
to the x direction, like the solid electrolytic capacitor 702.

FIGS. 32 and 33 show a solid electrolytic capacitor accord-
ing to an eleventh embodiment of the present disclosure. In a
solid electrolytic capacitor 704 of this embodiment, the Lx
direction, which is the longitudinal direction of the anode
wire 2, is inclined by 30 degrees with respect to the x direc-
tion. As shown in FIG. 32, the Ly direction is perpendicular to
the Lx direction and is inclined by 30 degrees with respect to
the y direction, thereby making the inclination of the third
lateral surface 83 different from that in the solid electrolytic
capacitor 701. In addition, in this embodiment, a terminal 34
forms the anode lead 3 and a cathode lead 43 is used instead
of the cathode lead 4. In addition, as shown in FIG. 33, the
anode wire 2 is not placed at the center portion of the porous
sintered body 24 in the z direction but at a portion biased
downward of the porous sintered body 24. Other configura-
tions of the solid electrolytic capacitor 704 are the same as
those in the solid electrolytic capacitor 701. The resin pack-
age 1 is not shown in FIG. 32.

In this embodiment, as shown in FIG. 32, the anode wire 2
does not extend up to a position intersecting the first lateral
surface 11 of the resin package 1 and has the second wire
exposed surface 2122 on the same plane with the second
lateral surface 12.

As shown in FIG. 33, the terminal 34 includes a terminal
portion 341 brought into contact with the bottom end of the
resin package 1 in the z direction, an erecting portion 342
extended in the z direction from an end portion of the terminal
portion 341, and a pillow portion 343 projecting in the x
direction from the top portion of the erecting portion 342. For
example, the terminal 34 may be formed relatively easily by
bending a metal plate having a uniform thickness. The erect-
ing portion 342 and the pillow portion 343 together corre-
spond to the lead side connector 32 in the solid electrolytic
capacitor 701.

As described above, the anode wire 2 is placed at a portion
biased downward in FIG. 33. This provides the effect of
shortening the erecting portion 342. By shortening the erect-
ing portion 342, it is possible to shorten the width in the x
direction of a manufacturing lead used to manufacture the
terminal 34.

As shown in FIG. 33, the cathode lead 43 includes a ter-
minal portion 431 brought into contact with the bottom end of
the resin package 1 in the z direction, an erecting portion 432
extended in the z direction from an end portion of the terminal
portion 431, and a pillow portion 443 projecting in the x
direction from the top portion of the erecting portion 432. The
erecting portion is brought into contact with the cathode
metal film 23. A position in the z direction of the pillow
portion 433 is the same as that of the pillow portion 343. In
addition, the erecting portion 432 and the cathode metal film
23 may be configured to make electrical conduction therebe-
tween via a silver paste or the like without making direct
contact.

As shown in FIG. 33, in this embodiment, the resin package
1 is formed to expose the erecting portions 342 and 432 and
the pillow portions 343 and 433 as well as the terminal por-
tions 341 and 431. With this configuration, for example when
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the solid electrolytic capacitor 704 is mounted on a substrate
(not shown) by means of a solder, the solder can be adhered to
the erecting portions 342 and 432 and the pillow portions 343
and 433 as well as the terminal portions 341 and 431. As an
adhesion area of the solder increases, the solid electrolytic
capacitor 704 can be more firmly fixed to the substrate.

As shown in FIG. 32, inthe solid electrolytic capacitor 704,
the anode wire 2 extending in the [.x direction is welded to the
band-like pillow portion 343 extending in the y direction.
This arrangement can increase the contact area between the
anode wire 2 and the pillow portion 343 when viewed in the
7z direction, compared with an arrangement where the anode
wire 2 extends straight in the x direction. In other words, even
when the dimension of the pillow portion 343 in the x direc-
tion is small, the anode wire 2 and the pillow portion 343 can
be welded together with sufficient strength. Accordingly,
compactness of the resin package 1 can be achieved in the
solid electrolytic capacitor 704.

FIGS. 34 and 35 show a solid electrolytic capacitor accord-
ing to a twelfth embodiment of the present disclosure. The
resin package 1 is not shown in FIG. 34. In a solid electrolytic
capacitor 705 of this embodiment, an end portion at one end
of the anode wire 2 in the Lx direction is welded to the third
surface 83. In other words, in this embodiment, the anode
wire 2 is configured to not have the embedded portion 211 but
to have only the exposed portion 212 in the anode wire 2 of the
solid electrolytic capacitor 701. Other configurations of the
solid electrolytic capacitor 705 are the same as those in the
solid electrolytic capacitor 701.

When this solid electrolytic capacitor 705 is manufactured,
the powder solidified body 24c is shaped without placing the
manufacturing wire 20 in the pressing mold 6. Thereafter, the
manufacturing wire 20 is welded to the third surface 83a
formed on the powder solidified body 24c.

The above-described embodiments are not intended to
limit the scope of the present disclosure. Detailed configura-
tions of various elements used in the solid electrolytic capaci-
tors and methods of manufacturing the same according to the
embodiments of the present disclosure may be modified in
design in different ways. For example, configurations of vari-
ous elements shown in the solid electrolytic capacitors 701 to
705 may be used in proper combinations.

Although, in the above embodiments, the resin package 1
has a cubic shape and the first and second lateral surfaces 11
and 12 share the edge 111, the resin package 1 is not limited
to such a shape but may have substantially a cubic shape. For
example, the resin package may have a shape having a slope
formed between the first and the second lateral surface 11 and
12.

Although the anode wire 2 is placed to be perpendicular to
the z direction in the above embodiments, the anode wire 2
may be inclined by an angle other than 90 degrees with
respectto the z direction. In this case, the third surface 83 may
become a surface inclined with respect to the z direction.
Specifically, the solid electrolytic capacitor 201 may have a
shape where one corner of a cube is cut away. In this case, for
example, in comparison with the above-described embodi-
ments, it is possible to prevent a reduction of the volume of the
solid electrolytic capacitor chip 201.

Hereinafter, a solid electrolytic capacitor and a method for
manufacturing the same, the solid electrolytic capacitor hav-
ing a structure in which metal materials such as metal or an
alloy are stacked, cutouts and unevenness are formed, and
contact points between elements and resin materials are opti-
mally designed, thereby improving heat resistance and reli-
ability, will be described in detail with reference to FIGS. 36A
and 36B to 41.
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FIGS. 36A and 36B show a solid electrolytic capacitor
according to a thirteenth embodiment of the present disclo-
sure.

FIG. 36A shows a solid electrolytic capacitor 801 accord-
ing to this embodiment. The solid electrolytic capacitor 801
includes the solid electrolytic capacitor chip 201, the lead side
connector 32 and an electrode substrate 130.

FIG. 36B shows an enlarged conceptual view of a detailed
portion 110X of the solid electrolytic capacitor chip 201
shown in FIG. 36 A. Hereinafter, the solid electrolytic capaci-
tor 801 will be described with reference to FIGS. 36A and
36B.

The solid electrolytic capacitor chip 201 includes the
porous sintered body 24, a dielectric layer 112, a solid elec-
trolytic layer 113 and a cathode lead-out layer 114 stacked in
order and further includes the anode wire 2. In addition, the
solid electrolytic capacitor chip 201 includes the permeable
hydrophobic member 25 made of, for example, fluorine resin.
The permeable hydrophobic member 25 faces one surface of
the porous sintered body 24 and covers a region in the vicinity
of the root of the anode wire 2.

The porous sintered body 24 is made of a valve-acting
metal such as tantalum, niobium or the like. The porous
sintered body 24 is formed by pressing and then sintering
powders of the valve-acting metal along with the anode wire
2 and has a structure including a plurality of fine holes 24X as
shown in FIG. 36B.

The dielectric layer 112 can be obtained by subjecting the
porous sintered body 24 to an anodizing treatment while the
porous sintered body 24 is immersed in a phosphoric acid
aqueous solution, for example. The dielectric layer 112 is
formed on the outer surface of the porous sintered body 24
and is made of a valve-acting metal oxide such as niobium
pentoxide, tantalum pentoxide or the like.

The solid electrolytic layer 113 is formed into a shape
filling the fine holes 24X of the porous sintered body 24,
which are generated by the sintering of the powders, and
covers at least a portion of the outer surface of the solid
electrolytic capacitor chip 201. The solid electrolytic layer
113 is sequentially formed after the dielectric layer 112 is
formed on the porous sintered body 24.

The solid electrolytic layer 113 may be of a manganese
dioxide type or of a conductive polymer type, for example.

A step of forming the solid electrolytic layer 113 of the
manganese dioxide type will be described below. The solid
electrolytic layer 113 is formed, for example, by immersing
the porous sintered body 24 in a manganese sulfate solution
and pyrolizing the manganese sulfate solution. In this step,
the previously placed permeable hydrophobic member 25
prevents the manganese sulfate solution from permeating into
the anode wire 2. Manganese dioxide, i.e., the solid electro-
Iytic layer 113, which is a semiconductor oxide covering the
fine holes 24X of the porous sintered body 24, is formed by
pyrolizing the manganese sulfate solution.

Next, a step of forming the solid electrolytic layer 113 of
the conductive polymer type will be described in brief below.
The porous sintered body 24 of the solid electrolytic capacitor
chip 201 is impregnated into an aqueous solution containing
a transition metal salt, e.g., ferric sulfate or ferric acetate, as
an oxidizer, and is then dried. Through the above-mentioned
treatment, the oxidizer permeates into the fine holes 24X of
the porous sintered body 24 to be adhered thereto. Subse-
quently, the porous sintered body 24 is impregnated into a
solution which contains monomers forming a conductive
polymer and dopants providing conductivity to the conduc-
tive polymer. Through the above-mentioned treatment, the
solid electrolytic layer 113 made of the conductive polymer is
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oxidation-polymerized and formed to cover the entire surface
of'the porous sintered body 24 and at least a portion of the fine
holes 24X. In addition, the solid electrolytic layer 113 is
subjected to cleaning and drying.

As shown in FIG. 36B, the cathode lead-out layer 114 is
formed by sequentially stacking a graphite layer 114a and a
silver layer 1145, for example, and covers the solid electro-
Iytic layer 113. As shown in FIG. 36A, the cathode lead-out
layer 114 is formed to cover at least a portion of the outer
surface of the solid electrolytic capacitor chip 201.

The cathode lead-out layer 114 is bonded to a main surface
of the cathode lead 4 via the bonding member 5 made of, for
example, a silver paste, thereby making electrical conduction
between the solid electrolytic layer 113 and the cathode lead
4.

The anode wire 2 is made of a metal such as tantalum,
niobium or the like. The anode wire 2 may be made of the
same kind of metal that forms the valve-acting metal powders
forming the porous sintered body 24. In addition, as shown in
FIG. 36 A, a portion of the anode wire 2 is introduced into the
porous sintered body 24.

The permeable hydrophobic member 25 covers a region on
a main surface of the porous sintered body 24, the region
being in the vicinity of the root of the anode wire 2. As used
herein, the term “main surface of the porous sintered body
24” refers to the surface on which the anode wire 2 projects
from the porous sintered body 24 of substantially a cubic
shape. The permeable hydrophobic member 25 is made of, for
example, hydrophobic fluorine resin, and has an annular
shape toward the main surface of the porous sintered body 24.
The permeable hydrophobic member 25 is brought into con-
tact with an exposed portion of the anode wire 2 and the main
surface of the porous sintered body 24. The function of the
permeable hydrophobic member 25 is shown when the solid
electrolytic capacitor chip 201 is manufactured.

The lead side connector 32 has one main surface electri-
cally conductively bonded to the anode wire 2 by means of
laser welding, for example, and the other main surface elec-
trically conductively bonded to the anode lead 3 by means of
resistive welding, for example.

The electrode substrate 130 is a plate-like member formed
by plating, e.g., copper on a base material made of metal, and
includes the anode lead 3 and the cathode lead 4. One main
surface of the anode lead 3 makes electrical conduction with
the anode wire 2 via the lead side connector 32. The other
main surface of the anode lead 3 is exposed from the resin
package 1 and serves as a mounting surface of the solid
electrolytic capacitor 801. One main surface of the cathode
lead 4 is bonded to the cathode lead-out layer 114 via the
bonding member 5, as described above. The other main sur-
face of the cathode lead 4 is exposed from the resin package
1, which will be described below, and serves as a mounting
surface for the solid electrolytic capacitor 801.

The resin package 1 is made of e.g., epoxy resin, and
completely surrounds the solid electrolytic capacitor chip 201
such that the porous sintered body 24, the dielectric layer 112,
the solid electrolytic layer 113, the cathode lead-out layer
114, the anode wire 2, the lead side connector 32 and the
bonding member 5 are prevented from being exposed from
the resin package 1. The resin package 1 covers and protects
at least one main surface of the electrode substrate 130. The
other main surface of the electrode substrate 130, which is not
covered by the resin package 1, is used to mount the solid
electrolytic capacitor 801 thereon.

A process of manufacturing the solid electrolytic capacitor
801 will be described in brief below with reference to FIGS.
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36A and 36B. The same process is also used for solid elec-
trolytic capacitors 802, 803 and 804, which will be described
later.

The anode lead 3 and the cathode lead 4 forming the elec-
trode substrate 130 are connected as a lead frame (not shown)
before the manufacturing process. In manufacturing the solid
electrolytic capacitor 801, the lead side connector 32 is first
adhered to a portion of the lead frame which corresponds to
the anode lead 3, by means of, e.g., resistive welding, and then
the bonding member 5 is applied on a portion of the lead
frame which corresponds to the cathode lead 4. Thereafter,
the solid electrolytic capacitor chip 201 including the porous
sintered body 24, the dielectric layer 112, the solid electro-
Iytic layer 113 and the cathode lead-out layer 114 stacked in
order is placed on the anode wire 2, and subsequently, bond-
ing the anode wire 2 to the lead side connector 32 by means of,
e.g., laser welding, curing the bonding member 5 or the like,
is carried out. Next, packaging is performed by using the resin
package 1. Finally, the electrode substrate 130, i.e., the anode
lead 3 and the cathode lead 40, is cut off from the lead frame
(not shown) and exposed portions of the remaining anode
lead 3 and cathode lead 4 are subjected to Pb-free solder
plating for solder mounting (not shown), thereby completing
the solid electrolytic capacitor 801.

In the thirteenth embodiment of the present disclosure, the
electrode substrate 130 has a stacked structure of different
kinds of metal materials. The electrode substrate 130 of the
solid electrolytic capacitor 801 shown in FIGS. 36 A and 36B
includes a first metal material layer forming a first anode lead
layer 1314 and a first cathode lead layer 1324, and a second
metal material layer placed on the first metal material layer
and forming a second anode lead layer 1315 and a second
cathode lead layer 13254. The first metal material layer is an
upper layer, i.e., at a side of the solid electrolytic capacitor
chip 201, and the second metal material layer is a lower layer,
i.e., at a side of the mounting surface of the solid electrolytic
capacitor 801.

In the thirteenth embodiment, the first metal material layer
(i.e., the first anode lead layer 1314 and the first cathode lead
layer 132a) may be made of, for example, nickel or a 42 alloy
which is a nickel alloy, and the second metal material layer
(i.e., the second anode lead layer 1315 and the second cathode
lead layer 1325) may be made of, for example, copper. The
first metal material layer made of nickel or a 42 alloy (nickel
alloy) improves heat resistance and corrosion resistance. The
second metal material layer made of copper provides higher
conductivity than the first metal material layer. It is known
that nickel and copper have high compatibility with each
other such that they are frequently used for clad material. In
addition, the second metal material layer may be made of tin
when considering solder wettability.

The thickness of each of the first anode lead layer 131a and
first cathode lead layer 132a forming the first metal material
layer is preferably 10 um to 100 pm, and the thickness of each
of'the second anode lead layer 1315 and second cathode lead
layer 1324 forming the second metal material layer is prefer-
ably 10 um to 100 um. In addition, the thickness of the metal
substrate 130 including the first and the second metal material
layer is preferably 0.05 mm to 1.0 mm. In this embodiment,
the sum of thicknesses of the first and the second metal
material layer, i.e., the total thickness of the electrode sub-
strate 130, may be set to have a standard value of 0.15 mm
with a tolerance of +0.006 mm.

In addition, the outermost layer of the electrode substrate
130 may be subjected to copper plating or tin plating where
appropriate. The thickness of a plating layer on the outermost
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layer may be 1 um to 20 pm. This copper plating layer can
improve conductivity and solder wettability.

In the present disclosure, separation of heterogeneous met-
als for use in the electrode substrate 130 into a plurality of
layers is preferred to a mixture (or alloy) thereof. Typically,
such a mixture (or alloy) may neutralize unique properties of
constituent metals in the mixture. However, since the present
disclosure adopts a stacked structure of the heterogeneous
metals, physical properties of the metals, e.g., thermal con-
ductivity and thermal expansion coefficients, can be arranged
in a gradient manner for the purpose of devices. In addition,
the metal material of the layers is not limited to pure metals
shown in the above examples, but may be alloys which can be
selected to obtain intended physical properties.

The lead frame (not shown) serving as the base material of
the above-configured electrode substrate 130 may be formed
by a rolling process or a process for forming an additional
layer on a base material made of the first or the second metal
material, e.g., plating, vacuum deposition or sputtering. In
consideration that advantages of the present disclosure can be
achieved by the stacked structure of the heterogeneous met-
als, a rolling process capable of providing a desirable thick-
ness to each layer is particularly preferable.

FIG. 37 shows a solid electrolytic capacitor 802 according
to a fourteenth embodiment of the present disclosure. The
fourteenth embodiment shows an example where a three-
layered structure made of heterogeneous metals is used for
the solid electrolytic capacitor 802. In this embodiment, an
electrode substrate 230 is formed as a lead frame (not shown)
serving as a base material in the manufacturing process, as
described in the thirteenth embodiment. In the present disclo-
sure, the three-layered structure made of heterogeneous met-
als includes a first metal material layer including a first anode
lead layer 231a and a first cathode lead layer 2324, a second
metal material layer placed on the first metal material layer
and including a second anode lead layer 2315 and a second
cathode lead layer 2324, and a third metal material layer
placed on the second metal material layer and including a
second anode lead layer 231c¢ and a third cathode lead layer
232c¢. That is, in the three-layered structure made of the het-
erogeneous metals in the present disclosure, the first metal
material layer is formed on one main surface of the second
metal material layer and the third metal material layer is
formed on the other main surface of the second metal material
layer.

In the solid electrolytic capacitor 802 in the present disclo-
sure, the first anode lead layer 231a and the first cathode lead
layer 2324 forms the first metal material layer. The first anode
lead layer 231a makes electrical conduction with the lead side
connector 32 and the first cathode lead layer 2324 makes
electrical conduction with the solid electrolytic capacitor chip
201 via the bonding member 5.

In this configuration, for example, a 42 alloy may be used
for the first metal material layer including the first anode lead
layer 2314 and the first cathode lead layer 2324, nickel may be
used for the second metal material layer including the second
anode lead layer 2316 and the second cathode lead layer
232b, and copper may be used for the third metal material
layer including the third anode lead layer 231¢ and the third
cathode lead layer 232c¢.

In this configuration, a thermal expansion coefficient of the
42 alloy is 45[107"/degrees C.] to 65[10~"/degrees C.] at 30 to
330 degrees C., a thermal expansion coefficient of the nickel
is 133[107"/degrees C.] at 20 degrees C., and a thermal expan-
sion coefficient of the copper is 168[10~"/degrees C.] at 20

15

20

40

45

55

32

degrees C. In addition, a thermal expansion coefficient of the
epoxy resin forming the resin package 1 is 200[10~"/degrees
C.] to 500[10~7/degrees CJ.

According to the electrode substrate 230 shown in the
above configuration, thermal expansion coefficients are set to
be in an increasing order from an upper layer at a side of the
solid electrolytic capacitor chip 201 to a lower layer at a
mounting surface side. That is, the thermal expansion coeffi-
cients of the first to the third layer have a relationship of
(thermal expansion coefficient of the first metal material
layer)<(thermal expansion coefficient of the second metal
material layer)<(thermal expansion coefficient of the third
metal material layer). Accordingly, since thermal expansion
can be distributed among the metal material layers, it is pos-
sible to distribute a thermal stress, for example, due to a heat
load during a reflow process, and prevent deterioration of
device performance such as an increase in current leakage,
ESR and the like.

In addition, the thermal conductivities of the layers of the
electrode substrate 230 are 14.6 W/(m'K) for 42 alloy, 113
W/(m-K) for nickel and 397 W/(m'K) for copper. The elec-
trode substrate 230 has a structure where thermal conductivi-
ties decrease in a stepwise manner as it gets closer to the
uppermost layer thereof, i.e., a contact surface with the solid
electrolytic capacitor chip 201. That is to say, the thermal
conductivities of the layers have a relationship of (thermal
expansion coefficient of the first metal material layer)<(ther-
mal expansion coefficient of the second metal material layer)
<(thermal expansion coefficient of the third metal material
layer). This structure makes it difficult to transfer a reflow
heat, for example, in device mounting, from the lower layer of
the device, i.e., the mounting surface, to the solid electrolytic
capacitor chip 201. In addition, since the stacked structure is
designed such that the thermal conductivities increase in a
stepwise manner toward the mounting surface, heat generated
in the solid electrolytic capacitor chip 201 and transferred to
the first metal material layer, i.e., the first cathode lead layer
232a, can be expected to be efficiently emitted to the outside
of'the device, i.e., to the device mounting surface.

In the metal material layers forming the structure of this
embodiment, for example, it is preferable that the thickness of
the first metal material layer including the first anode lead
layer 2314 and the first cathode lead layer 232a is 10 um to
100 pm, the thickness of the second metal material layer
including the second anode lead layer 2315 and the second
cathode lead layer 2324 is 10 um to 100 pm, the thickness of
the third metal material layer including the third anode lead
layer 231c¢ and the third cathode lead layer 232¢ is 10 um to
100 um, and the thickness of the metal substrate 230 includ-
ing the first to the third metal material layer is 0.05 mm to 1.0
mm. In this embodiment, the sum of the thicknesses of the
firstto the third metal material layer, i.e., the total thickness of
the electrode substrate 230, may be set to have a standard
value of 0.15 mm with a tolerance of £0.006 mm.

The metal material layers forming the structure of this
embodiment may be manufactured by a rolling process. Also,
the metal material layers may be manufactured by a process in
which the second metal material layer made of nickel is
formed on a substrate made of a base material, e.g., a 42 alloy,
by using plating, vacuum deposition, sputtering or the like,
and then the third metal material layer made of copper is
formed on the second metal material layer by using the same
process used for the second metal material layer or other
processes. The manufacturing method is not limited to the
above-mentioned processes, but any other processes that can
form a three-layered structure may be employed.
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In addition, the outermost layer of the lead frame (not
shown) corresponding to the electrode substrate 230 may be
suitably subjected to copper plating or tin plating. The thick-
ness of a plating layer on the outermost layer may be 1 um to
20 um.

FIG. 38 shows a solid electrolytic capacitor 803 according
to a fifteenth embodiment of the present disclosure. A cathode
lead 4 corresponding to a characteristic part of the solid
electrolytic capacitor 803 is formed with a cutout portion X.
This structure is manufactured by machining a lead frame
(not shown) and forming an electrode substrate 330, like the
thirteenth and fourteenth embodiments. In addition, in the
present disclosure, “cutout portion” indicates that the elec-
trode substrate 330 has different thicknesses in the form of a
step or a slope.

The cutout portion X is formed, for example, at a side used
for surface mounting of the cathode lead 4, that is, a third
cathode lead layer 332¢, and accordingly, the side used for
surface mounting of the cathode lead 4 is divided into the
cutout portion X and a residual portion X2, as shown in FIG.
38. Due to the cutout portion X, the thickness of the portion
corresponding to the cutout portion X of the cathode lead 4 is
smaller than the thickness of the portion corresponding to the
residual portion X2. In addition, it is preferable that the thick-
ness of the portion corresponding to the cutout portion X of
the cathode lead 4 is 20% to 80% of the thickness of the
electrode substrate 330 in order to maintain structural
strength.

The cutout portion X is covered and protected by the resin
package 1, while some of the residual portion X2 other than
the cutout portion X is exposed from the resin package 1 and
used for the surface mounting of the solid electrolytic capaci-
tor 803.

One main surface of the residual portion X2 serves as a
mounting surface used for the surface mounting of the solid
electrolytic capacitor chip 201 and corresponds to one main
surface of a third cathode lead layer 332¢. The other main
surface not used for the mounting is brought into contact with
a second cathode lead layer 3325. The surface used for sur-
face mounting of the third cathode lead layer 332¢ preferably
has the same area as the surface used for surface mounting of
a third anode lead layer 331c. This is a preferable electrode
specification for surface mounting and, at the same time, an
effective way to prevent a so-called Manhattan effect which
may occur during the surface mounting.

By forming the cutout portion X, since the resin package 1
is deeply inserted and cured in the cutout portion X during a
resin sealing process, i.e., a molding process, adhesiveness
between the resin package 1 and the cathode lead 4 can be
improved. Accordingly, it is preferable that the cutout portion
X is completely embedded with the resin package 1, as shown
in FIG. 38. In addition, by forming the cutout portion X, it
becomes possible to increase the area making electrical con-
duction with the solid electrolytic capacitor chip 201 via the
bonding member 5 without increasing the area of the mount-
ing surface, i.e., an area of the cathode lead 4 exposed from
the resin package 1. With this configuration, requirements of
the above-mentioned surface mounting specification can be
satisfied while maintaining good electrical conductivity
between the cathode lead 4 and the solid electrolytic capacitor
chip 201.

In the fifteenth embodiment, it is preferable that a section
of'the cutout portion X is placed near a boundary between the
second metal material layer, i.e., the second cathode lead
layer 3324, and the third metal material layer, i.e., the third
cathode lead layer 332¢, for example. As described in the
fourteenth embodiment, the metal stacked structure of the
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electrode substrate 330 used in the fifteenth embodiment has
the thermal expansion coefficients increasing as it moves
closer from the solid electrolytic capacitor chip to the mount-
ing surface. That is, in the fifteenth embodiment, the second
cathode lead layer 3325 has a thermal expansion coefficient
larger than that of the third cathode lead layer 332¢, which
means that the difference in the thermal expansion coefficient
between the epoxy resin of the resin package 1 and the metal
material of the cathode lead 4 decreases as it goes downward.
With this configuration, the cutout portion X can advanta-
geously provide an effect of a distribution of heat stress in the
device bottom having a weak structure and hence improve
heat stress resistance of the solid electrolytic capacitor 803.

The electrode substrate 330 having the cutout portion X
can be obtained by subjecting the three-layered substrate
shown in the fourteenth embodiment, i.e., the electrode sub-
strate 230, to half etching, for example. The half etching can
be stopped in the middle of one of the metal material layers,
but can be more easily stopped at one of boundaries between
the metal material layers when considering different etching
rates between the metal material layers. When forming the
structure, i.e., the cutout portion X, shown in FIG. 38, in order
to only remove the third cathode lead layer 332¢ made of
copper, the nickel and copper stacked substrate may be selec-
tively etched by using, for example, a well-known etching
solution containing oxygenated water, sulfuric acid and
water. By performing the above-mentioned method on the
three-layered electrode substrate 230 in the fourteenth
embodiment, the copper layer can be selectively dissolved
and the electrode substrate 330 having the cutout portion X
can be prepared.

In the metal stacked structure in the fifteenth embodiment,
it is preferable that the thickness of the first metal material
layer including the first anode lead layer 331a and the first
cathode lead layer 332q is set to be 10 um to 100 um, the
thickness of the second metal material layer including the
second anode lead layer 3315 and the second cathode lead
layer 3325 is set to be 10 um to 100 um, the thickness of the
third metal material layer including the third anode lead layer
331c¢ and the third cathode lead layer 332c¢ is set to be 10 um
to 100 pm, and the thickness of the metal substrate 330
including the first to the third metal material layer is set to be
0.05 mm to 1.0 mm. In this embodiment, the sum of the
thicknesses of the first to the third metal material layer, i.e.,
the total thickness of the electrode substrate 330, may be set
to have a standard value of 0.15 mm with a tolerance of
+0.006 mm.

In addition, the outermost layer of the lead frame (not
shown) corresponding to the electrode substrate 230 may be
suitably subjected to copper plating or tin plating (not
shown). The thickness of a plating layer on the outermost
layer may be 1 pm to 20 pm, and the plating may be carried
out even after the cutout portion X is formed.

FIG. 39 shows a solid electrolytic capacitor 804 according
to a sixteenth embodiment of the present disclosure. The
structure shown in FIG. 39 is characterized in that a surface of
the cathode lead 4, i.e., a first cathode lead layer 432a brought
into contact with the solid electrolytic capacitor chip 201 via
the bonding member 5, has unevenness, while the anode lead
3 has the same configuration as that of the fifteenth embodi-
ment. The unevenness may be formed in at least one of a
second cathode lead layer 4325 and a third cathode lead layer
432c¢, as well as the first cathode lead layer 4324. Further,
unevenness may be formed in the contact region between the
second cathode lead layer 4325 and the third cathode lead
layer 432¢ in an engaging manner, for example. This structure
can further improve the mechanical strength of the cathode
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lead 4. In addition to the cathode lead 4 side, such unevenness
may be also formed in the anode lead 3 side. The unevenness
of both the anode lead 3 and the cathode lead 4 can make a
contribution to further improve the mechanical strength of the
solid electrolytic capacitor 804.

In the unevenness structure shown in the present disclo-
sure, the uppermost surface (i.e., the cathode electrode termi-
nal 432q) is made of42 alloy. A thermal expansion coefficient
of the 42 alloy is 45[107"/degrees C.] to 65[10~"/degrees C.]
at30degrees C. to 330 degrees C., which is smaller than those
of other metal materials forming the stacked structure. In the
present disclosure, since the bonding member 5 and the cath-
ode electrode terminal 4324 are bonded under a state where
the unevenness structure made of 42 alloy is interposed ther-
ebetween, the contact area between the cathode electrode
terminal 432a and the bonding member 5 is significantly
increased. This facilitates an improvement of the adhesive-
ness between the bonding member 5 and the cathode elec-
trode terminal 4324 and an improvement of the heat stress
resistance of the solid electrolytic capacitor 804. In addition,
since the unevenness structure increases a surface area of the
cathode electrode terminal 4324, it can be expected that elec-
trical resistance between the cathode electrode terminal 432a
and the solid electrolytic capacitor chip 201, between which
the bonding member 5 is interposed, is reduced and accord-
ingly ESR is reduced.

The same cutout portion X as the fifteenth embodiment
may be formed in the cathode lead 4. This cutout portion X
improves adhesiveness between the resin package 1 and the
cathode lead 4. In addition, this can increase an area making
electrical conduction with the solid electrolytic capacitor chip
201 via the bonding member 5 without extremely increasing
the mounting surface, i.e., an area of the cathode lead 4
exposed from the resin package 1. These characteristics of the
cutout portion X is the same as in the fifteenth embodiment. In
addition, when manufacturing the cathode lead 4 having both
the unevenness and the cutout portion X, i.e., the structure
shown in FIG. 39, a lead frame (not shown) corresponding to
a base material of the electrode substrate having the cutout
portion X shown in the fifteenth embodiment may be sequen-
tially treated with the above-described method to add an
unevenness structure thereto.

The structure of the sixteenth embodiment may be formed
by performing a series of treatments on a substrate having a
structure in which two or three layers made of metal material
shown in the thirteenth or fourteenth embodiment are
stacked. For example, the structure of the sixteenth embodi-
ment may be formed by performing a treatment for adding an
unevenness structure to a substrate having a two-layered
structure by using sputtering, vacuum deposition or the like,
and then performing a treatment for subjecting a substrate
having a three-layered structure to half etching, deep etching
or the like by using photolithography.

FIG. 40 is a conceptual view showing a method of manu-
facturing the cathode lead 4 of the electrode substrate 430
shown in FIG. 39. A lead frame L. may be inexpensively
manufactured by, for example, performing a half etching or a
deep etching on the lead frame used in the fifteenth embodi-
ment to form an unevenness structure sequentially. Although,
in the structure shown in FIG. 40, the three-layered metal
material substrate having the cutout portion X shown in the
fifteenth embodiment is used to manufacture the lead frame
L, the unevenness of the present disclosure may be also
adopted to a two-layered metal material stacked substrate, for
example.

First, a photosensitive polyimide resin serving as a photo-
sensitive resist is applied on the top surface of the cathode

10

15

20

25

30

40

45

50

55

60

65

36

lead 4 of the electrode substrate 430, i.e., the first cathode lead
layer 4324, by using dipping, for example. Next, a mask M for
use in transferring a pattern is prepared as shown in FIG. 40.
The mask M is closely adhered to the surface applied with the
photosensitive resist and exposed by irradiating ultraviolet
rays thereon. Thereafter, a predetermined chemical treatment
is performed to form the unevenness structure on the first
cathode lead layer 432a as shown in FIG. 40.

In the metal stacked structure used in the sixteenth embodi-
ment, it is preferable that the thickness of the first metal
material layer including the first anode lead layer 431a and
the first cathode lead layer 4324 is set to be 10 um to 100 um,
the thickness of the second metal material layer including the
second anode lead layer 4315 and the second cathode lead
layer 43256 is set to be 10 um to 100 um, the thickness of the
third metal material layer including the third anode lead layer
431c¢ and the third cathode lead layer 432c¢ is set to be 10 um
to 100 pm, and the thickness of the metal substrate 430
including the first to the third metal material layer is set to be
0.05 mm to 1.0 mm. In this embodiment, the sum of the
thicknesses of the first to the third metal material layer, i.e.,
the total thickness of the electrode substrate 430, may be set
to have a standard value of 0.15 mm with a tolerance of
+0.006 mm.

It is preferable that the etching for forming the unevenness
structure is performed to a depth not exceeding the first cath-
ode lead layer 432a. That is, the height of'a convex portion Y
in the unevenness structure may be 10% to 90% of the thick-
ness of the first cathode lead layer 432a.

The unevenness structure may have roughness like the
surface of a pear. The roughness may be formed by using, for
example, air blast, short blast, sand blast, wet blast and the
like. A wet blast is particularly preferable from the standpoint
of uniformity, controllability and cleanness of an uneven
surface. This configuration can also provide improvement of
adhesiveness and reduction of electrical resistance, like the
above-described unevenness structure.

The outermost layer of the lead frame . may be suitably
subjected to copper plating or tin plating (not shown). The
thickness of a plating layer on the outermost layer may be 1
um to 20 um, and the plating may be carried out even after the
cutout portion X and the above-described unevenness struc-
ture are formed.

FIG. 41 is a table showing a preferable combination of the
three-layered metal material stacked structure using the char-
acteristics of the electrode substrates 230, 330 and 430
described in the fourteenth to sixteenth embodiments of the
present disclosure. It is preferable that the respective thick-
nesses of the first to the third metal layer forming the layered
structure of the present disclosure are properly adjusted to 10
um to 100 um and absolute values of thermal expansion
coefficients and thermal conductivities of metals forming the
layers increase in order of the first to the third layer. In
addition, in FIG. 41, for example, the first layer corresponds
to the first cathode lead layer 232a of the fourteenth embodi-
ment shown in FIG. 37, and the second and the third layer
respectively correspond to the second and third cathode lead
layers 2325 and 232¢ of the fourteenth embodiment shown in
FIG. 37. This configuration mainly aims to provide the effect
of efficient distribution of heat stress, as described above. In
addition to the combination of metals described in the thir-
teenth to sixteenth embodiments, a group of metals meeting
the relationship in the table shown in FIG. 41 can be used
without deteriorating the effects of the present disclosure.

The solid electrolytic capacitors of the thirteenth to six-
teenth embodiments of the present disclosure, which use a
metal or alloy material stacked structure for an electrode
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substrate, have high industrial applicability due to high heat
resistance and low defect rate.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the novel methods and apparatuses described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the disclosures. The accompany-
ing claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the disclosures.

What is claimed is:

1. A solid electrolytic capacitor comprising:

a capacitor chip including a porous sintered body having a
first surface, a second surface, and a third surface inter-
posed between the first and second surfaces;

a resin package covering the capacitor chip, and having a
first lateral surface parallel to the first surface, and a
second lateral surface parallel to the second surface and
perpendicular to the first lateral surface; and

an anode wire projecting from the third surface and extend-
ing in a first direction, and connected to the porous
sintered body, one end portion of the anode wire in the
first direction being exposed from the resin package.

2. The solid electrolytic capacitor of claim 1, wherein the
one end portion of the anode wire includes first and second
wire exposed surfaces exposed from the resin package, and
the first wire exposed surface is formed to be on the same
plane with the first lateral surface and the second wire
exposed surface is formed to be on the same plane with the
second lateral surface.

3. The solid electrolytic capacitor of claim 2, wherein the
first and second lateral surfaces form a first edge, and a second
edge of the first wire exposed surface overlaps with the first
edge and a third edge of the second wire exposed surface
overlaps with the first edge.

4. The solid electrolytic capacitor of claim 1, wherein the
third surface is formed from one corner of the capacitor chip
being cut.

5. The solid electrolytic capacitor of claim 1, wherein the
capacitor chip further includes a cathode metal film covering
the porous sintered body with one side of the porous sintered
body connecting to the anode wire exposed from the cathode
metal film.

6. The solid electrolytic capacitor of claim 1, further com-
prising:

alead including a terminal exposed from the resin package
and a lead side connector connected to the terminal and
the anode wire.

7. The solid electrolytic capacitor of claim 6, wherein the
first and second lateral surfaces form an edge, and the lead
side connector is interposed between the edge and the third
surface.

8. The solid electrolytic capacitor of claim 7, wherein the
lead side connector includes first and second exposed sur-
faces, and the first exposed surface is formed to be on the
same plane with the first lateral surface and the second
exposed surface is formed to be on the same plane with the
second lateral surface.

9. The solid electrolytic capacitor of claim 1, wherein the
third surface is inclined by 45 degrees with respect to the first
surface and the second surface.

10. The solid electrolytic capacitor of claim 1, wherein the
diameter of the anode wire is 0.15 mm.
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11. A method for manufacturing a solid electrolytic capaci-
tor comprising:
machining an anode wire extending in a first direction;
forming a capacitor chip including a porous sintered
body having a first surface, a second surface, a third
surface interposed between the first and second sur-
faces, and the anode wire connected to the porous
sintered body; and

forming a resin package formed as a rectangular shape
covering the porous sintered body, the resin package
having a first lateral surface parallel to the first sur-
face, and a second lateral surface parallel to the sec-
ond surface and perpendicular to the first lateral sur-
face,

wherein one end portion of the anode wire in the first
direction is exposed from a resin package, and

wherein the one end portion of anode wire includes first
and second wire exposed surfaces exposed from the
resin package, and the first wire exposed surface is
formed to be on the same plane with the first lateral
surface and the second wire exposed surface is formed
to be on the same plane with the second lateral sur-
face.

12. The method of claim 11, wherein the first and second
lateral surfaces form a first edge, and a second edge of the first
wire exposed surface overlaps with the first edge and a third
edge of the second wire exposed surface overlaps with the
first edge.

13. The method of claim 11, wherein the third surface is
formed from one corner of the capacitor chip being cut.

14. The method of claim 11, wherein the capacitor chip
further includes a cathode metal film covers the porous sin-
tered body with one side of the porous sintered body connect-
ing to the anode wire exposed from the cathode metal film.

15. The method of claim 11, further comprising:

welding the anode wire and a lead side connector of a lead
together.

16. The method of claim 15, wherein the first and second
lateral surfaces form an edge, and the lead side connector is
interposed between the edge and the third surface.

17. The method of claim 16, wherein the lead side connec-
tor includes first and second exposed surfaces, and the first
exposed surface is formed to be on the same plane with the
first lateral surface and the second exposed surface is formed
to be on the same plane with the second lateral surface.

18. The method of claim 11, wherein the third surface is
inclined by 45 degrees with respect to the first surface and the
second surface.

19. A solid electrolytic capacitor comprising:

a capacitor chip including a porous sintered body having a
first surface, a second surface, a third surface interposed
between the first and second surfaces, and a cathode
metal film covering the porous sintered body with one
side of the porous sintered body connecting to the anode
wire exposed from the cathode metal film;

a rectangular resin package covering the capacitor chip,
and having a first lateral surface parallel to the first
surface, and a second lateral surface parallel to the sec-
ond surface and perpendicular to the first lateral surface;

an anode wire projecting from the third surface and extend-
ing in a first direction, and connected to the porous
sintered body, one end portion of the anode wire in the
first direction being exposed from the resin package;

a lead including a terminal exposed from the resin package
and a lead side connector connected to the terminal and
the anode wire.



